N INsTirure oF MINING 


WE ALLURGICAL ENGINEERS | 
pL coon va 


ig 


= (rnconronare) 


: > bss a 3 “ ; | A filr 
= SeaVvol. 114 


« 
a 


"PETROLEUM DEVELOPMENT 
AND TECHNOLOGY 
1935 
PETROLEUM DIVISION 


- PAPERS AND DISCUSSIONS PRESENTED BEFORE THE DIVISION AT TULSA, OKLA., 
oct. 12-13, 1934 AND AT NEW YORK, FEB. 18-21, 1935 


= “ = 
a 
fee ) 
: : . NEW YORK, N. Y. 
s PUBLISHED BY THE INSTITUTE 
5 AT THE OFFICE OF THE SECRETARY 
a 29 wEstT 39TH STREET 
be 
a 
4 
he U. OF i 
es LIBRARY 


19 


a 


PRINTED IN THE UNITED STATES 


, . ¥ 


THE MAPLE PRESS COMPANY, YORK, PA. 


CONTENTS 


Pacr 

sty el OS ae SOR en eee ae ee een 6 

METTER OF ERANSMITTAL. By He Ds Watpn, JRa ip 6p. e 3 ese weys ey 7 
\ OFFICERS AND COMMITTEES OF THE PETROLEUM DIvISION .......... 8 
PLANS OF THE PETROLEUM Division For 1935. By H.H. Powmr....... 9 


- 
4 
; 


> 
e 


PAPERS 


CuapTeR I. Propuction ENGINEERING AND ENGINEERING RESEARCH. 
Estimation of Petroleum Reserves in Prorated Fields. By Sipney A. 
_ Jupson, H. D. Easton, Jr. and W. A. Scuazrrer, JR. (With discussion) 
Influence of Well Diameter upon the Pressure Gradient and Rate of Flow of 

Oil through the Reservoir Rock in the Vicinity of a High-pressure Flowing 
Well. By L. C. Ursn, J. Domerca, Jr. and J. Mesa. ........- 

Colloidal Properties of Clay Suspensions. By W. K. Lewis, Lomparp 
Squtres and W.I. THompson. ...-.-- +++ +e ese 

Some Factors Affecting Viscosity of Bitar Muds. By W. H. Bonen. 

Recent Studies in Properties of Drilling Fluids. By Joun F. Dope and 
A. C. Frietscue. (See Oil and Gas Journal, March 28, 1935) 

Relation of Drilling Fluids and Cementing to Setting Casing in Deep Wells. 
By C. P. Parsons. (See Oil and Gas Journal, Jan. 3, 1935) 

Effect of Temperature, Pressure and Water-cement Ratio on the Setting 
Time and Strength of Cement. By B. C. Crart, T. J. Jounson and 
Hip ti WIRKPATRIOK, jus. 2 5 se 

New Type of Dynamometer for Study of pee pile ‘Problems! By ‘Ewony 
RTORUT OITA ch gerd gl Pa een coher en ee aan eet ene 

Fundamentals of Remene ent ‘Design aud Field Applieaticu: By Jing 
B. GrauaM and Earue E. Smitu. (With discussion) ...... . 

A New Multiple Permeability Apparatus. By F. B. PLUMMER, SiDON 
Harris and Joun Pepico. (A.I.M.E. Tech. Pub. 578) 

Comparison of Spacing Problems in Gas- drive with Those in Water-drive 
Pools. By J. O. Lewis. (See Oil and Gas Journal, Oct. 11, 1934) 

Changed Conceptions of Gas Lift Applied to Restricted Pools. By L. L. 
Foutny. (See Oil and Gas Journal, Oct. 11, 1934) 

Efficiency of Flowing Wells. By Cuctu J. May ey wigitens : 

Some Economic Aspects of Gas-solubility acne re By Ala ioas 
B. Morais. (With discussion). ; 

Effect of Gas Liberation on Crude Oil Propexties: By ‘D. i Kars, isse 
Oil Weekly, Oct. 22, 1934.) 

Practical Application of Petroleum Solubility and Liberation Phenomena. 
By Brn E. Linpsty. (See Oi and Gas Journal, Jan. 24, 1935) 

Fundamental Operating Pressures in Oil-gas Reservoirs. By EucEne A. 
STEPHENSON ......- -> ' 

Gas Energy in Flowing Wells. By S. PF Suaw. {Soe Oil foe Gas és need) 
Oct. 11, 1934) 

Energy Relationships in Oil-bearing Formations. By J. Verstuys. (See 


Oil Weekly, Oct. 15, 1934) 
3 


46709 


11 


25 


38 
53 


62 


69 


82 


99 


116 


. 133 


4 CONTENTS 


Pace 
An Approximate Theory of Water-coning in Oil Production. By M. } 
Mousxat and R. D. Wycxorr. (Withdiscussion). ..... . . 144 
Variations in Reservoir Pressure in the East Texas Field. fi! Ragan oe 
Scuittuuts and Witt1amM Hurst. (With discussion) . . Scart 


Cuapter II]. Use or METALS IN THE PETROLEUM INDUSTRY. 
Economical Selection of Sucker Rods. By Buaine B. Wescotr and 
C. Norman Bowmrs. (With discussion): . . , . 2. 2 5 = = - 4 pee 
Corrosion Tests in Various Refinery Services. By J. E. Potuocx, E. Camp 
and W. R. Hicks. (A.I.M.E. Tech. Pub.) 
Welded Pressure Vessels. By R. K. Hopxins. (A.I.M.E. Tech. Pub.) 
Use of Condensers and Heat Exchangers. By H. lL. Beprety. (Abstracted 
in Oil and Gas Journal, Feb. 28, 1935) . 
Materials Used in Oil-refinery Pumps. By A. E. HarnsBpercer. (A.I.M.E. 
Tech. Pub.) 
Heat and Corrosion-resisting Alloys. By W. F. Furman. (Presented at 
A.I.M.E. Meeting, February, 1935) 
Developments in Manufacture of Sucker Rods. By B. B. Wxscorr and 
L. W. Voutumer. (See Oil and Gas Journal, Oct. 18, 1934) 
Some Mechanical and Metallurgical Aspects of Present-day Oil Production 
Equipment. By A. G. Zima. (Presented at A.I.M.E. Meeting, Febru- 
ary, 1935) 


CHAPTER III. SvaBiLizaTION. 
Some Constitutional Aspects of the Oil Problem. By Henry M. Bates and 
Roscor Pounp. . . . : ME Heats iene 5 JKC 
Modifying the Capture toe By Eye ‘Guan De ee ee ay eek 
Some Effects of Curtailment on Recovery of Wells. By R. E. Abou “See 
Mining and Metallurgy, December, 1934) 


CuapteR IV. PrrroteEuM Economics. 
Domestic Oana uEr of Motor Fuel. By Atspert McInroso. (With 
discussion). . . Perera, ets) 
Collective Plansines in the Betreloutn Inducer: By JosmnpH E. Poaur 235 
Proven Reserves of Mineral Fuels in the United States. By V. R. Garrras 243 
World’s Consumption of Petroleum Products. By V. R. Garrras and R. V. 
WHETSEL .. . pS eee 
Forecasting Relatine Pan Moment me Peurolein Seommitiess By NorMan 
D. FirzGrraup, (Presented at A.I.M.E. Meeting, February, 1935) 


CuapTrerR VY. PRoOpDvUCTION. 


Introduction. By Frank A. Hmraup, Vice Chairman. ........ . 249 
DomMEstTIC 
Arkansas. By H. K.SaHARBR. . . . . -eh shy) RE eee nD at 
California: “By V. H*Wionmom)*.)") 9) 9) Se a 
Colorado. By C. EB. SHomnratr |. 2 (02). Cee een ro 
Illinois. By Aurrep H. Beut. . . Nov) 2) Se ee, Pea 27 
Indiana. By W. N. Logan and J. P. en <!  OE 2a SAE ee eG 
Kansas. By Marvin Ler. . . . JS JONyO) og ue eo? 
Kentucky. By C. D. Hunrmr and i B Frown! . a es Os 
Louisiana: By B.C. Crart’.! 9") 7E at ee res 
Michigan. By Tamron Wasson... |. | =. .|. 2 gueenen Snes 
Mississippi. By BC. Crarr’.) 2° *. Sg) eee te 


Missouri. By. F.C. Grmmnm. ... ., . . . sees G0 eee een ore 


CONTENTS 


New Mexico. By C. E. SHOENFELT. .. ./%. . 
Ohio. ~By Dewitt T. Rinc . . . ee ae 
Oklahoma. By L. L. Foury and C. - MILLIKAN Stereos 
Pennsylvania. By 8. H. Catucarrt. 
Texas: 
Central. By R. B. Keuiy and Paut R. Martin. 
Hast. ByJA.R: Denison’: = bp se : 
Gulf Coast. By W. B. McCarter . 5 
North. By H. B. Fuqua and B. E. THOMPSON. 
NorthjCentzral; <ByeT. Bb. Parry 5 ne ae 
Panhandle. By T. C. Craie, ee eat 
Southwest. By Orin G.Berp....... : 
West. By H. B. Fuqua and B. E. Teco, ; 
Utah. By H. W. C. PRoMMEL. NeMr ne ; 
West Virginia. By Davin B. REGER . . 
Wyoming. By Jonn G. BARTRAM . 


FOREIGN 
Arabia. By G.C. GmsTER... . .. 
Argentine Republic. By G. iene. 
Australia. By W. G. WooLnovucH . . 


Austria, Hungary and Czechoslovakia. By W. M. Sma . . : . 


Bolivia. By Joncas MuNoz Reyes... 

Burma. By L. Dupuey STAmMp. . . 

Canada. By G.S. Hume... 

Colombia. By O. C. WHEELER. , 
France and Possessions. By H. DE Cizancoust < 
Germany. By WaLTER KAUENHOWEN . 
Jran..? , 

Traq. By Bun B. Cox 

italyewery Sete eo? Gene 
Mexico. By V. R. Gasrias and R. V. WHETSEL. 
Netherlands East Indies. eer cee: ee 
Peru. By Outver B. Hopkins. Sa! 
Poland. By CHARLES BOHDANOWICZ . . . 
Rumania. 

Venezuela . 


Union of Soviet Soeiglist Seales: By Bb. Be ZAvoicos. -. 


CuHapTEeR VI. REFINING. 
Developments in Petroleum~ Refining Engineering in 1934. 


MILLER . . 


INDEX. 


. 470 


. 481 
. 483 
. 482 


. 488 
. 489 


. 493 
. 497 
. 500 
. 503 
. 506 
. 510 
. 508 
. ll 
. 513 
. 516 
. 518 
. 520 
o2t 
. 532 


By WALTER 


. 535 


. 543 


. 547 


A. I. M. E. OFFICERS AND DIRECTORS 


For the year ending February, 1936 


President and Director, Henry A. BurHuer, Rolla, Mo. 

Past President and Director, FrEpERIcK M. Becker, New York, N. Y. 
Past President and Director, Howarp N. Eavenson, Pittsburgh, Pa. 
Vice President, Treasurer and Director, Kart Erters, New York, N. Y. 


Vics PRESIDENTS AND DIRECTORS 


Henry Kronos, Salt Lake City, Utah Louis 8. Carns, New York, N. Y. 
Epe@ar Rickarp, New York, N. Y. Joun M. Lovesoy, New York, N. Y. 
Paut D. Merica, New York, N. Y. 


DrrEcTORS 
Et T. Conner, Scranton, Pa. Grorce B. WatTEerHOUSE, Cambridge, 
Witui1am B. Huroy, New York, N. Y. Mass. 
Hues Park, Cobalt, Ont., Canada Wiuu1am Wraita, New York, N. Y. 
Minor Roserts, Seattle, Wash. E. E. Exuis, New York, N. Y. 
Frank L. Sizmr, San Francisco, Calif. WILBER Jupson, Newgulf, Texas 
Erte V. Daveer, New York, N. Y. C. K. Lurrx, Madison, Wis. 
Cuarites B. Murray, Cleveland, Ohio R. M. Roosrvett, New York, N. Y. 
Brent N. Ricxarp, El Paso, Texas WILFRED Sykgs, Chicago, III. 


Secretary, A. B. Parsons, New York, N. Y. 


Assistant Secretary, E>warp H. Rosin, New York, N. Y. 
Assistant to the Secretary, Joan T. Brrunicu, New York, N. Y. 
Assistant to the Secretary, E. J. Kennepy, Jn., New York, N. Y. 
Assistant Treasurer, H. A. Matonny, New York, N. Y. 


“a 


3 


:. 


; 
4 
3 


4 


s 


- 


LETTER OF TRANSMITTAL 


Mr. A. B. Parsons, Secretary, 
American Institute of Mining and Metallurgical Engineers 
29 West 39th Street 

New York, N. Y. 


Dear Sir: 


I take pleasure in transmitting herewith TRANSACTIONS, Petroleum 
Development and Technology, 1935. These papers have been selected 
from among those presented at the recent meetings of the Petroleum 


Division held at Tulsa, Los Angeles and New York and are believed to 


merit publication in this volume because of their lasting interest. Unfor- 
tunately, space does not permit the publication of all papers presented 
at these meetings and a number that appeared in the trade press at the 
time of the meetings are listed in the Contents with a reference to the 
publication in which they appeared. 

A feature of the New York meeting was a joint symposium with the 
Institute of Metals Division on The Use of Metals in the Petroleum 
Industry. The paper of particular interest to the producing branch of 
the petroleum industry is published herein; the others are mentioned 
in the Contents. 

The presentation of statistical information covering production in 
a comprehensive form, which was started last year, has been continued 
and several areas that were missing from Volume 107 appear this year. 
The preparation of this statistical information represents a great deal 
of work on the part of those who collaborated, but because of the value 
of this information to the industry the effort is well worth while. 

I wish to take this opportunity to thank the officers and committee- 
men of the Division, and the officers and headquarters staff of the 
Institute, for their valuable assistance and advice, which made it possible 
to carry out the work of the Petroleum Division. 


Respectfully submitted, 
H. D. Wipe, Jr., Chairman, 
Petroleum Division, 1934. 
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PLANS FOR PETROLEUM DIVISION IN 1935 


By H. H. Power, CuarrmMan or Division 


Puans for the Petroleum Division during the ensuing year are in 
process of development, in contemplation of the usual fall meetings in 
the Mid-Continent and California areas, as well as the annual meeting 
to be held in New York in February, 1936. Houston, Texas has been 
suggested as the place for the Mid-Continent fall meeting, the exact 
date to be announced shortly. 

During the past year, the Division’s technical programs, as in former 
years, have emphasized the wide fields of engineering endeavor in the 
petroleum industry yet remaining for more thorough investigation and 
discussion. An effort has been made to bring an international interest 
into the proceedings of the Division by inviting the participation of 
prominent foreign technologists. This viewpoint should promote a 
continuation in 1935 of past high standards, afford a more thorough 
understanding of problems throughout the membership, and maintain 
the Institute’s position among the various technical organizations func- 
tioning particularly in the oil-producing and refining areas. 

In the list of subjects proposed for the fall meetings is the problem 
of estimating petroleum reserves. Various factors requiring study will 
include productive sand volume, porosity, average permeability, satura- 
tion, and types of recovery. Research papers are proposed dealing with 
energy consumption per unit of oil recovered, reservoir pressure or energy 
loss relationship to the usual volumetric method of estimation, and the 
study of oil and gas segregation within the reservoir. 

~ Other subjects tentatively suggested include new casing practice in 
relationship to wells producing from several productive zones, progress 
in lifting methods, repressuring, advanced methods in drilling economies, 
and the economics of conservation. Although the threat of overproduc- 
tion yet remains, to a lesser degree than during the past few years, 
intensive activity is now being directed towards the discovery of new 
petroleum reserves. This situation undoubtedly will influence, in some 
considerable degree, the channels through which technical activities 
will be directed. 

A continuation of the commendable work on production statistics 
for the various oil-producing states and foreign countries has been 
effected. The usual papers dealing with the general economics of the 
industry will be reserved for the annual New York Meeting. The 
Stabilization Committee maintains its membership of nationwide author- 
ities, and interest is manifest in new developments to meet the changing 


requirements of the industry. 
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Chapter I. Production Engineering and 
Engineering Research 


Estimation of Petroleum Reserves in Prorated Fields 


By Sipney A. Jupson,* H. D. Easton, JR.,{ AND 
W. A. Scuanrrer, Jr.,t Memperrs A.I.M.E. 


(Tulsa Meeting, October, 1934) 


RESTRICTION and proration of petroleum production have increased 
materially the difficulties attendant upon the estimation of reserves, 
particularly in large, ‘‘flush”’ fields. Such practices preclude the use of 
decline or other curves, from which, under capacity production condi- 
tions formerly prevalent, much could be learned as to the ultimate 
recovery to be expected from a given field or lease therein. In restricted 
fields that would produce at many times the low rate allowed by the 
regulations in force if allowed to flow without restraint, one is forced to 
use other information than production performance to predict the volume 
of oil recoverable. Examples are: at Kettleman Hills, California; the 
Conroe, Van and East Texas fields, Texas; the Iowa field, Louisiana. 

It is beyond the scope of this paper to apply a definite method to the 
determination of the reserves in any actual field, therefore the discussion 
will be limited to a consideration of available methods and an enumeration 
of important factors governing the accuracy of such estimates. The 
problem is to determine not only oil in place but recoverable oil in place, 
for a given field or tract, which is complex and depends not only on the 
characteristics of the reservoir but also on the plan of development, 
the production allocation scheme, the rate of production and many 
other factors. Many data must necessarily be considered, weighed as to 
inportance, and assigned quantitative values. Estimates of recovery in 
prorated fields have been discussed by Brace’, Shaw?, Snider® and others. 

The wide difference in estimates of ultimate recovery from a number 
of important recently developed fields demonstrates the inadequacy of 


Manuscript received at the office of the Institute Oct. 13, 1934. 

* Geologist, Houston, Texas. 

+ Petroleum Engineer, Stamey, Easton & Montgomery, Houston, Texas. 

t Production Engineer, Shell Petroleum Corporation, Houston, Texas. 

1Q. L. Brace: Factors Governing Estimation of Recoverable Oil Reserves in Sand 
Fields. Bull. Amer. Assn. Petr. Geol. (March, 1934) 343. 

2S Ff. Shaw: Should Prospecting for Additional Oil Reserves be Curtailed? Oul 


Weekly (March 12, 1934) 58. 
3. C. Snider: A Comparison of Old and New Oil Fields. T'rans. AG TIESMia i: 


(1933) 103, 71. 
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present methods and data. If unlimited time and funds were available 
for such work, a close approach to accuracy might be possible, but 
present-day estimates can be only as accurate as the few data available. 


Sanp FIELDS 


For the purpose of this discussion, a normal sand field is considered 
to be one in which the sand layers comprising the reservoir are continuous 
and arched into a closed structure. It may or may not be disturbed by 


faulting. It will be assumed that the average cross-section of a normal. 


field may be represented diagrammatically as in Fig. 1, and that the 
productive layers comprising the reservoir are in themselves compara- 
tively homogeneous within the limits of the field. Salt domes may be 
classified as follows: 

A. Piercement domes, in which the salt plug extends within close 
proximity of the surface and pierces the productive sands on its 
flanks; e.g., Spindletop dome, Texas. 

1. Super cap-rock sands, or shallow sands overlying the cap 
rock. 

2. Cap rock proper; i.e., the upper (or calcite) phase of the 
cap-rock series overlying the salt mass and varying from 
slight to large porosity. 

3. Flank sands, or sands outside the periphery of the dome 
proper. Probably the greatest total amount of oil from 
piercement domes will be obtained from these sands. 

B. Deep-seated domes, in which the salt mass is found or indicated 
at relatively great depths. Production from these domes has 
been found almost entirely in arched and/or faulted sands above 
the salt mass; e.g., Iowa dome, Louisiana: 

C. Structural fields; e.g. Conroe field, Texas. 

Many fields of types B and C may be considered as normal sand 
fields, although the sands are more unconsolidated than in most normal 
fields. Inasmuch as cap-rock (and super cap-rock sand) production on 
known piercement domes probably has already been well exploited, 
only the flank sands of such domes will be considered. 


Meruops ror SotvinG THE PROBLEM 


In general, possibly only two methods of attack may be used in 
attempts to solve a problem of this nature. 


e 


First Mrruop 


Extremely early in the life of a field, virtually only one method is 
available. This consists of basing estimates on probable recoveries per 
acre-foot or other unit volume of reservoir. 


> 
" 
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; Let it be assumed that layers A, B and C (Fig. 1) are productive, 
- and are distinguishable from one another by lithological, textural or 
q paleontological criteria, or by shale breaks between them. D is an 
: impervious stratum above which the reservoir is arched. 

4 It is recommended that the horizon studied be divided into zones of: 
! (a) free gas, (b) oil with no or little water or free gas, and (c) water and 
| oil intermingled. These zones usually will be indicated by drilling, but 
estimates can be made prior to complete development. It will. then be 
assumed that all of the second named zone (b) and all its effective pore 
space, or the major part of it, is saturated with petroleum, and this zone 
only will be used in estimating the reserves. Such an assumption seems 
to be justified by the fact that 
the oil and gas probably would 
follow the least resistive channels 
through the formation until 
stopped by impervious strata, 
whereupon high existing pres- 
sures would force the oil into the pig 1——GeneRatizeD CROSS-SECTION OF 


available pore space until all TYPICAL-NORMAL SAND FIELD. 
‘ ean eal L-L, original level of oil-water contact. 
. Such space was occupied. ea! 1'-L’, subsequent level of oil-water contact 


and Lewis‘ believe that, ordinarily __. _ in layer B. 
: ; - Wide black line, oil-water contact at time 
at least, the yield of oil sands is nate 


governed more by factors that 
influence the efficiency of recovery than by an assumed partial satura- 
tion. The possible error in assuming this zone to be of 100 per cent 
effective saturation should be compensated by the fact that there will 
be some oil recovered from the zone of water and oil intermingled. 
Convergence maps to show the intervals between the upper surface of 
each of the layers and the original water level L-L should be constructed, 
and the weighted average intervals determined by obtaining contour areas. 

The volume between the top of each layer and the water, which is 
the area of the intersection of the oil-water contact and the top of the 
layer, times the average thickness, may thus be determined, and the 
volumes of the individual layers found by subtraction. If V is used as a 
symbol for volume, and V rc is the volume between the top surface of C 
and the water level, obviously Ve = Vre — Vo, and so on for the volume 
of the other layers. This method should give somewhat more accurate 
results than sand-thickness maps, contoured on the interval between two 
irregular surfaces. The average percentage porosities for the layers 
may have been determined as Pu, Ps and Pe. 

Estimation of percentage recoveries, based on reservoir pore space, 
must be made in the light of experience with similar structures and 
sands. If drilling and production in these areas were unrestricted, 


4C. H. Beal and J. O. Lewis: U. 8. Bur. Mines Bull. 194. 
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without consideration of the conservation of reservoir energy, it is 
probable that such recovery percentages may be considered a minimum. 
Other things being equal, a field in which the production has been 
restricted, and in which attention has been paid to what are believed to 
be proper production methods, probably will show an appreciably higher 
recovery factor than an open-flow field. Therefore, for a field produced 
under proper control, the recovery per unit of reservoir space should be 
at least as high as in other fields produced under less favorable conditions. 

In using such information from older fields, due weight should be 
given to the reliability of the available data. Determination of sand 
content of the reservoir, porosity tests, etc., may have been made less 
carefully than is required now, so that grave errors might result from 
using information of unknown dependability. However, the recovery 
percentage R must be based on some such premise, if nothing better 


is available. 
43560 


The recovery per acre-foot for layer A may be estimated as 61 
Ps X Rbbl., and this result may be multiplied by V4, expressed in acre- 
feet (with the possible original gas cap excluded) to obtain the estimated 
ultimate recovery from that layer. The ultimate recoveries from other 
horizons may be estimated in a similar manner. 

This method is highly approximate, and the result obtained should 
be regarded as purely tentative. Unknown factors, such as differences 
in porosity and permeability of productive zones in the field under 
consideration and the fields with which it is compared, differences in 
sand thickness, density of development and locating of wells, production 
rate, etc., may have a profound effect. Perhaps the estimates should 
be considered only as a qualitative indication of what may actually be 
the case. In any event, the estimates should be checked periodically as 
more adequate data become available. 

For flank sands around salt domes rough estimates could be based 
on premises similar to those used for normal sand fields. Detailed 
geologic studies both of the dome proper and of structural and strati- 
graphic conditions away from the dome are of major importance in 
arriving at reasonable and equitable estimates, and such estimates should 
by no means be considered only an engineering obligation. 

The method of computation for flank sands may be as presented 
above; although, from the nature of piercement domes, additional 
complexities are present. Each noncommunicating sand should be 
treated separately, and each radial segment of the sand in question should 
be treated as a separate reservoir, because radial faulting around pierce- 
ment domes causes segmentation of flank sands. For a given flank sand 
a map is made, showing contours on its top; the pattern of faults (usually 
radial) based on drilling data should be determined also. It is recom- 
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mended that a minimum of one well in each quadrant be used to deter- 
mine the peripheral extent of saturated sand. By means of the contour 
map the inner, outer and peripheral extent of saturated sand may 
be determined. 

For fields not having an effective water drive, the procedure first 
described may be the only one applicable. However, in such a field, 
according to Coleman, Wilde and Moore’, if the initial reservoir pressure, 
the current average pressure, the solubility of the gas and the average 
gas-oil ratio from the beginning to the current date are known, it is 


. possible to calculate the fraction of the oil that has been produced. 


Thus, dividing the cumulative production by this fraction gives an 
estimate of the total amount of oil originally in the reservoir. 


Seconp MeEtTHop 


The second method is based on the relationship of rise in oil-water 
contact to withdrawals made, and to movement of a possible gas cap. 

If the resistance to movement of fluids is equal in layers A, B and C 
the rise in water level could be nearly uniform for a certain allocation of 
per-well allowables. However, most proration plans do not in themselves 
favor a horizontal rise of water, and experience has shown that rarely 
is there uniform permeability throughout the producing section. 

Let it be assumed that, on the basis of flowing-pressure differential 
tests, layer B has a decidedly higher degree of permeability than A or C, 
and that only in B has an appreciable rise of water level occurred. 
Apparently it would follow that, with the low pressure differentials 
usually accompanying low production rates, only layer B has yielded a 
significant quantity of oil from wells that penetrate it, and that essen- 
tially all of the oil produced to a given date has come from this stratum, 
with the exception of oil from wells that do not penetrate it. If the 
reservoir pressure has been reduced below the pressure at which all the 
gas originally was in solution, a gas cap also will have resulted. 

Thus, if there was no original gas cap, it may be assumed that the 
oil recovered from all wells penetrating layer B was produced from a 
sand volume equal to the sum of the volumes of the gas cap and the sand 
invaded by water. If there was an original gas cap, the oil would have 
been produced from a volume of sand equal to the volume of sand invaded 
by water, plus or minus the increase or decrease, respectively, in volume 
of the gas cap. Let the sand volume invaded by water be represented 
by Vz’ and the volume of or increase or decrease in volume of the gas 
cap by Vz”, and the oil production from layer B by Y, all in like volu- 
metric units. Then, assuming a continuance of the past conditions and 
uniformity of porosity, etc., the over-all recovery factor for layer A 


5 §. Coleman, H. D. Wilde, Jr. and T. V. Moore: Effect of Gas-Oil Ratios on Decline 
of Rock Pressure. Trans. A.I.M.E. (1930) 86, 174. 
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° 4 
could be estimated roughly as +~7~—;-7 for increase or decrease, 
Vza' + Va : 


: ; 43,560 ¥ tn 
respectively, in gas-cap volume, and per acre-foot as 361 x Va cea 
bbl. Thus the estimated ultimate recovery for layer B could be obtained 
by multiplying the foregoing by Vz less the original gas-cap volume. For 
a contracting gas cap, a correction must be made for the loss of the oil 
that has been forced into the comparatively dry sands of the gas-cap 
area. Probably only a small percentage of such oil will be recoverable. 

Similar procedure may be followed for flank sands in which reason-— 
ably accurate determination of water level and gas cap may be obtained. 

If no other data are available, the recoveries per unit volume of sand 
in A and C must be estimated on the basis of performance of B. The 
estimate for the latter zone may be adjusted in accordance with the 
differences observed in porosities in the several layers, as determined 
in the laboratory, and with differences in permeabilities, as evidenced 
by subsurface flowing-pressure differential determinations. 

For A, wells on the extreme edge of the field, which penetrated only 
a very thin section of this zone, and which may have been produced at 
capacity, or nearly so, may yield valuable information on the basis 
of their decline. However, even for these wells, the production will 
have been sustained by the portion of A farther up structure, so that 
their performance cannot be regarded as representative of ordinary 
capacity production conditions. 

Somewhat similar methods may be applied to individual leases, 
provided the allocation plan permits the oil under a given tract to be 
produced therefrom. In the majority of instances this will not be entirely 
true, although some of the present proration plans tend to accomplish it. 
Thus, for a given lease, after estimating the oil in place, consideration 
must be given to whether more or less than that volume will actually 
be produced. If, for example, in East Texas, the density of development 
on a tract is greater than that of the offset leases and that of the field, 
and the lease is situated higher than average structurally, it will probably 
produce materially more than the oil originally in place thereunder. 


ImporTANT Factors 


In the opinion of the writers, the following factors must be determined 
and given proper consideration in the calculations before even an approxi- 
mately accurate estimate may be made. 


A. Factors Governing Estimates of Oil in Place 


1. Acre-feet of Sand Above Original Oil-water Contact for Each Layer.— 
This may be determined as previously set out in this paper. Careful 
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measurement of the areas enclosed by the various contours will be neces- 
sary in order to determine the weighted average intervals or thicknesses. 

2. Reservoir Sand Content—As many cores as possible should be made 
available, preferably from wells situated so as to provide evenly spaced 
samples of the oil sand. The cores should be subjected to the most 
careful examination, so that they may be classified as to their content 
of shale, sandy shale, shaley sand and sand; and so that the various 
zones in the reservoir may be correlated. 

The estimation of “equivalent clean sand” thickness, by wien is 
meant the thickness of a body of clean sand with physical characteristics 
similar to those of the sand in the reservoir being studied, which would 
constitute a reservoir of the same capacity as the actual reservoir, com- 
posed of sands and sandy shales, is important. In obtaining the thick- 
ness of equivalent clean sand it will be necessary to make deductions for 
sandy shales and shales. These will be found in all degrees of gradation 
from sands to shales, and the comparatively nonporous shale particles, 
interspersed through the interstitial spaces between the sand grains, 
will decrease the porosity of the sand, according to the amount of shale 
present. It is suggested that the ratio between clean-sand equivalent 
thickness and the thickness of a sandy shale be considered equal to the 
inverse ratio of their respective effective porosities. 

Various deductions must be drawn from records of drilling action, 
ditch samples of cuttings, electrical coring, and from the conventional 
cores themselves, as to what types of material constitute the non- 
recovered portions of the intervals cored. From such information, it 
may be possible to formulate a close estimate of the lithological character 
of the oil layers in the vicinity of the wells cored, and an average of the 
results will present a similar picture of the entire reservoir. 

In this connection, however, it should be noted that, in general, 
commercial spacing of wells will not furnish a really adequate number of 
sampling points, unless there should be an exceptional uniformity of 
conditions in the reservoir. The error inherent in attempting to formu- 
late a representative average from a comparatively few samples is so 
great that every effort should be made to obtain as correct an interpreta- 
tion as possible of the available information. 

3. Sand Porosity—The cores should be properly sampled, and 
porosity determinations made by some accepted laboratory method. 
Not only the clean sands, but also the shaley sands and sandy shales 
should be studied, since surprisingly high porosities may be found therein. 
The information thus made available may be applied to the study of 
reservoir sand content, and the total pore space in the various strata 
thus estimated. 

The importance of proper sampling of the cores should be emphasized. 
The sampling should be at intervals as close as is practicable, say 6 in., 


18 ESTIMATION OF PETROLEUM RESERVES IN PRORATED = z 


and the sampling method adopted should be made uniform - all work — a 


of this nature. Wide variations in the observed average porosities for 
the same interval may result from haphazard sampling. 

“Effective porosity” has been defined® as “the volume of inter- 
particle spaces which communicate with passages of sufficient size to 
permit the entrance or recovery of gas or oil, expressed as a percentage 
of the total rock volume.” It would appear that the absolute porosity, 
which is determined by most porosity-determination methods and 
includes the total of all interparticle spaces regardless of whether they 
communicate with passages of sufficient size to permit the entrance or 
recovery (particularly recovery) of gas or oil, would tend to give errone- 
ously high estimates of reserves. Therefore it is believed that only the 
effective pore space should be considered, although there is in uncon- 
solidated sands practically no difference between the effective and 
absolute porosities. 

The effective porosity may be measured in consolidated sands or 
sandy shales by any accepted method. For unconsolidated sands, which 
constitute a major portion of many reservoirs, particularly of flank sands of 
piercement domes, it will be necessary to make a study of type cores, by 
screening and by microscopic examination of the texture of the sand and 
the size and shape of individual sand grains. Where the formations are 
under enormous pressure, it is possible that a most compact arrangement 
of the grains will be approached, although the weight of overburden 
could well be sustained by less compact arrangement. The absolute 
porosity for spherical sand grains of uniform size, in the most compact 
arrangement, can be shown to be 25.97 per cent; but there will not be 
uniform size of grains, neither will they be spherical in shape nor will 
their arrangement necessarily be the most compact one possible. By 
means of screening, the uniformity coefficient, defined’ as the ratio of 
size of grain that has 60 per cent of the sample by weight finer than itself 
to the size that has 10 per cent finer than itself, and the ‘effective 
' size,” defined’ as the size (expressed in terms of millimeters) at the point 
where 10 per cent of the material by weight is composed of smaller grains 
and 90 per cent of larger grains, can be determined. It has been found, 


according to Fettke, that the effective size together with the uniformity. 


coefficient define rather closely the size and uniformity of a sand. The 
accurate determination of those two factors, therefore, would enable a 
comparison to be made between consolidated and unconsolidated sands 
in which those factors are of the same magnitude, whence a more accurate 


°C. J. Coberly and A. B. Stevens: Development of Hydrogen Porosimeter. 
Trans. A.I.M.E. (1933) 103, 261. 

"C. R, Fettke: Ten Years’ Application of Compressed Air at Hamilton Corners, 
Pa. Trans. A.I.M.E. (1927) 77, 303. 
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estimate of the effective porosity could be made. For greater refinement 
in such an estimate the comparative degrees of rounding and of pitting 
upon the surface of the individual grains should be determined and 
further corrections made. 

In general, the tendency will be to test only the harder, less porous 
portions of the clean sands. Often the more porous intervals are soft 


and unconsolidated, and either will not be recovered by coring or will 


not be sufficiently indurated to allow sample cubes to be cut therefrom, 
so that the observed porosities may be somewhat lower than the porosi- 
ties in what may be the richer portions of a reservoir. 

The remarks in section 2 regarding the effect of well spacing on 
average sand content apply also to the porosities. 

4. Effective Saturation—Effective saturation may be defined as 
the percentage of effective pore space occupied by liquid or gaseous 
hydrocarbons. For purposes of comparison some indication of the 
amount of liquid hydrocarbons of comparatively low volatility may be 
obtained by various methods of extraction, but it is believed that such 
indications are of little value in estimation of reserves, particularly in 
unconsolidated sands, as a considerable portion of the contained oil will 
be lost during the process of removing the sample from its formation. 


B. Factors Influencing Recovery 


1. Sand Permeability Inasmuch as a rock may be highly porous 
and yet not yield fluid, the determination of relative permeabilities of 
the various sand members is of prime importance. It seems to be 
generally recognized that, other things being equal, the strata having 
the highest relative permeabilities will give up their contents most freely, 
and will have a somewhat higher ultimate recovery per unit volume 
of reservoir. 

Permeability tests of properly sampled cores may be made in the 
laboratory, and a general conception of the permeabilities may thus be 
had. Perhaps even more important are tests run in the field. The 
Schlumberger method of ‘‘electrical coring” gives considerable data on 
effective porosity and the contents of the sand. Subsurface flowing- 
pressure differential tests are of great value in this connection. Obvi- 
ously, a layer producing at a given rate, or through a range of rates of 
flow, with a small loss in pressure in the well bore opposite the layer, is 
more permeable than if the pressure loss were greater. Differentiation 
between the permeabilities of various horizons may be obtained in 
this manner. 

2. Oil-water Contact.—The elevation at which the original oil-water 
contact intersected the upper surface of the reservoir often is closely 
determined by dry holes and oil wells drilled in proximity to the horizontal 
limits of production. Several exploratory wells might be intentionally 


es 
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drilled to water early in the life of the field, in order to delimit the contact 
as accurately as possible. The use of the so-called “Water Witch” 
and the Schlumberger method will probably be indispensable in this 
connection. This is basic information of an exceedingly important kind, 
and upon it may depend the accuracy of an entire estimate. Therefore 
it is well worth while to consider some additional expenditures, other than 
those ordinarily incurred, to make the same available. 

The oil-water contact may or may not have been at the same elevation 
in the various members of a reservoir, and separation thereof by impervi- 
ous material makes it highly probable that the contact is not continuous. 

This applies also to the contact at a period later in the life of a field, 
as it is more probable that differences in level will exist then than when 
the pool was virgin. It is important that a series of accurate determina- 
tions of these contacts be made. Upon the precise knowledge of water 
levels at various times during the earlier life of a field may depend, to a 
very considerable degree, the accuracy of forecasts of future performance. 

3. Gas-oil Contact.—The limits of an original gas cap (if present), and 
the progress of expansion or contraction of an original or subsequent gas 
cap, should be determined with all possible exactness. Such information 
will have a bearing on recovery estimates similar to that of the movement 
of the oil-water contact. 

4. Physical Characteristics of Oil and Gas.—The specific gravity and 
viscosity of the oil should be known; likewise the specific gravity of 
the gas, its solubility in the oil, and the solution ratio at the pressures 
prevailing in the productive layers. 

The ‘“‘shrinkage factor,” or ratio of the volume occupied by a unit of 
oil at the surface to the volume occupied by the same unit, with its 
dissolved gas, in the reservoir, should be ascertained. The solubility, 
solution ratio, and the shrinkage factor may be determined in the labora- 
tory from bottom-hole samples. 

Compressibility of-the fluids in the reservoir may play an important 
part in their expulsion therefrom. Comparison of movement of the 
oil-water and gas-oil contacts with the fluid volume recovered may give an 
insight into this. 


5. Gas-oil Ratio—It is highly desirable that accurate records be 


kept of gas-oil ratios, so that some idea may be obtained of the efficiency 
of production methods used, and so that the cumulative and current 
withdrawals of fluid from the reservoir may be determined. 

6. Reservoir Pressures.—Periodical, systematic surveys of static 
subsurface pressures, referred to a common datum, will prove valuable 
in determining pressure decline, which is one of the important factors 
determining the flowing life of a field. The surveys will afford informa- 
tion as to the rate at which the reservoir energy is being dissipated. A 
knowledge of the rate of pressure decline will assist in the determination 
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of the effect of gas wastage on ultimate recovery. Adequate subsurface 
pressure data will allow deductions to be made regarding the movement 
of fluids in the reservoir, and additional data on relative permeabilities 


- may thus be afforded. 


Of especial importance in flank sands of piercement domes is the 
presence and intensity of a sustained hydrostatic head, as evidenced by 


subsurface pressures. Without a sustained water drive, it has been 


found that sustained production from the highly tilted flank sands will 
not be obtained. In addition to the driving effect, a highly advantageous 
action of “flushing” is obtained by water movement. The presence and 
magnitude of hydrostatic head can readily be determined by the engineer; 
the probability that the head will be sustained can best be determined by 
the geologist. 

7. Capillary Retention and Retention by Adhesion of Oil to Sand 
Grains.—According to Uren and El-Difrawi®, the capillary retention of 
petroleum by sand varies directly as the surface tension of the oil, directly 
as the cosine of the angle of contact of the liquid on the mineral com- 
posing the sand, inversely as the density of the oil, inversely as the 
2.3 power of the porosity of the sand, and inversely as the size of the 
sand grains. 

Except for the angle of contact, which is indeterminable by present 
methods, these governing factors can be measured and estimates made 
of the quantity of oil retained by this capillary action. The amount of 
oil retained by adhesion to sand grains will be inversely proportional to 
the size of the grains and directly proportional to the surface tension 
of the oil, and should be readily calculable. 

8. Ultimate Number of Wells and Location Thereof.—Attention must 
be given to the ultimate number of wells required to complete the 
development program for a field under consideration. The stage in the 
life of a field at which drilling is completed is also significant. Little 
is definitely known, from actual results obtained, of the quantitative 
effects of density of well spacing on ultimate yield but, other things being 
equal, moderately wide spacing may well result in recoveries greater than 
with inordinately close spacing, as has been pointed out by Suman!®. 
Too close spacing may increase operating costs to such a degree that 
premature abandonment of wells, with a consequent loss of oil, could 
result; as is well known, increasing the number of holes drilled into a 
given reservoir does not increase the contents thereof. 

A given number of wells suitably placed on a structure may have more 
favorable effects on ultimate recovery than the same number of wells 


9L. C. Uren and A. H. El-Difrawi: Capillary Retention of Petroleum in Uncon- 
solidated Sands. Petr. Dev. and Tech. in 1926, 70. A.I.M.E. 

10 J. R. Suman: The Well Spacing Problem—Low Well Density Increases Ulti- 
mate Recovery. The Oil Weekly (May 28, 1934) 43. 
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located at random. Versluys'! has enumerated a number of principles 
governing the location of wells on a structure. If possible, no wells 
except exploratory holes should be drilled in a gas-cap area. 

9. Rate of Production and Proration Scheme.—It is generally agreed 
that an unduly high rate of withdrawal from a field may result in a 
serious waste of reservoir energy, both in the form of gas and hydrostatic 
head, and under such circumstances drainage as complete as might be 
effected with proper production control will be highly improbable. 

The method of allocation of production may have a considerable part 
to play in the yield from a field. Complete unitization of the working 
and royalty interests is as nearly as possible the ideal condition for dis- 
tributing the withdrawals so as to conserve the available energy to a 
maximum extent. Any proration scheme that permits the blowing off of 
gas from a gas cap will result in a considerable loss of oil, which will be 
forced into the gas cap and probably will not be completely 
recovered therefrom. 

The effect of a proration scheme on the recoverable reserve of a field is 
secondary, however, to its effect on the recoverable reserves for individual 
leases, which may be profound. For example, in East Texas, where 
proration is on a total potential basis, the ultimate recovery for a given 
lease depends to a large extent on the density of development thereon and 
its structural position, rather than on the oil in place under the tract. 


SUMMARY 


A group of factors affecting estimates of reserves in sand fields in which 
production has been restricted has been presented, together with possible 
. applications of some of them. The list of factors is not complete, but 
it is believed that the most essential ones are included. It is recom- 
mended that further studies be made of these pertinent items and their 
effects upon the factor of recovery and that attempts be made to apply 
definite weight to each of them. 

No pretense is made that absolute accuracy may be obtained in such 
estimates. There are altogether too many interfering influences at work 
to permit this. However, investigation of available data may often per- 
mit close approximations to be made. The principal governing factors 
that would limit accuracy of estimates by the methods discussed are the 
number and location of wells drilled to the horizons concerned and 
the number of data obtained from each well. More extensive coring, 
aided by electric coring methods, will assist greatly in zoning productive 
horizons. Well surveying is of major importance in obtaining accurate 
geological concepts of the dome and flank sands. 


J. Versluys: Principles Governing the Location of Wells with Respect to Struc- 
ture. Proc. World Petr. Congress, London, 1933. 
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The cost of obtaining the information necessary for adequate esti- 
mates, other than that normally experienced, will depend largely upon 
the refinement of recovery factor and should not be considered as being 
in the nature of additional costs, since such refinement furnishes neces- 
sary data for the determination of more favorable rates of production. 

_ Undoubtedly, future developments will allow estimates of this nature 
to be made with considerably greater precision than is now possible. 
Accurate estimation of reserves is vital to the determination of proper 
development and operating practice, or to equitable unitization, and the 
progress of unitization as a policy may well be marked by an accompany- 
ing improvement in this phase of engineering. 


DISCUSSION 
(cA Ogden presiding) 


P. P. Grecory,* Iraan, Texas.—I am sorry that this paper did not include lime- 
stone reservoirs under restricted production. It appears that the rate of decline in 
reservoir pressure plotted against cumulative production of oil might give a good idea 
of the expected future recovery. In the Yates pool, we plot reservoir-pressure points 
on vertical axis against corresponding cumulative production on the horizontal axis. 
All points fall on a straight line on semilogarithmic paper. This straight line is then 
projected to a predetermined pressure point at which the natural flow should cease, and 
the expected flush production is read on the horizontal axis opposite that point. 


D.L. Katz, t Bartlesville, Okla.—I should like to speak in favor of the method used 
by Coleman, Wilde and Moore”. ‘Their method uses gas and oil production data, 
bottom-hole pressures and temperatures, and physical properties of the hydrocarbons, 
It does not use porosities and the usual geological factors. 


M. Lzz,t Wichita, Kansas.—This is a matter that is coming to be important; 
production figures are figures of exhaustion. There are two schools of thought on 
the subject and the application of the proper or most accurate method of estimation 
is worth serious study. Proration, being one of the several necessary evils of the oil 
industry under its extremely competitive operation, causes much false information 
to be disseminated in regard to the values of producing properties. 

Those who have used the pressure decline and time factors, so long relied upon 
when 100 per cent production was taken, will find they greatly overestimate total 
recovery per acre, of prorated fields when the actual recovery has been found. The 
same rule will not accurately apply as to pressure in fields with gas and oil that have 
a very low rate of allowable, as many large wells have in flush fields. Low rate of 
withdrawal permits water-drive fields to slowly readjust the pressure drop, caused 
by withdrawal of the reservoir content, which fails to show the usual pressure decline, 
either in time produced or in the usual comparative depletion that large 100 per cent 
withdrawals would show. 

Potentials, although taken at regular periods under uniform conditions, fail to 
indicate the true depletion the production has caused, especially when the fields are 


* Proration Petroleum Engineer, Yates Pool. 
+ Phillips Petroleum Co. 

12 Reference of footnote 5. 

t Petroleum Geologist. 
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prorated to 5 to 15 per cent of potential. Any greatly mcreased withdrawal, either 
on lengthened potential or higher percentage of allowable, quickly shows the falsity 
of estimating recovery on potentials of short duration or in fields where very low 
allowables have prevailed. The past experience of barrels per acre for total recovery 
is much more dependable for an estimated total recovery than any estimates based 
on prorated “potentials.” The natural initial production of wells is much more 
dependable than the grossly exaggerated potentials, obtained in lime producing fields 
after acid treatment. 

The rate and height of the oil column ‘fill up” in wells being drilled on prorated 
fields is a valuable and much more accurate index of expected recovery than any 
potential. The use of natural initial production, with a decline curve based on the 
‘‘fill-up”’ of subsequently drilled wells in prorated fields probably comes nearest to 
accurate bottom-hole pressure comparison. When new field wells no longer have 
any appreciable fluid column or fill-up on completion, the prorated field has reached 
a comparative stage of depletion of a field that has had 100 per cent market as a 
method of exhaustion and, regardless of its well’s book record of high remaining 
potentials, its actual daily production is much nearer 100 per cent than the producers 
care to admit. The practical end of the fill-up of new wells in any field should not 
be construed as an exhausted reservoir. It may be approximately 80 per cent depleted 
and have a long life as a field of small recovery. 

Investors in leases or royalty would be wise to have their investments recom- 
mended by competent persons not using the potential as the only means of estimating 
total recovery, and also to ascertain the length of time and under what rules the 
potential is determined. 


Memper.—Did Mr. Gregory take the rate of water encroachment—the change in 
gas-oil ratio—in his method? 


P. P. Greacory.—This method can be applied only to fields devoid of the water 
drive. The variation in the gas-oil ratio is a disturbing factor. In order to have a 
definite relationship between the cumulative production of oil and the decline in 
reservoir pressure, the gas-oil ratio must remain constant or should fluctuate but 
slightly. The curve I referred to represents a production period of seven years. 


H. H. Powrr,* Tulsa, Okla.—The situation in the Kansas siliceous lime areas 
permits the use of potential-cumulative curves for purposes of reserve estimating. 
By actual test, only 28 cu. ft. of gas per barrel of oil was found in one well at Chase, 
this representing the amount in solution at reservoir pressure. Potential-cumulative 
curves show a uniform decline before encroaching water captures the well. There- 
after, a new slope is usual, and by careful extrapolation the remaining reserves can be 
approximated with a fair degree of accuracy. 


C. E, Turner, Bartlesville, Okla.—In gas-drive fields, we should use the percent- 
age of energy expended at different dates and different accumulated production 
instead of bottom-hole pressure. An abandonment pressure would have to be 
estimated. This energy curve could be constructed for different abandonment 
pressures using the past production, bottom-hole pressure and solubility data. Then 
from this percentage energy curve, and knowing the bottom-hole pressure, the paral 
age of the ultimate recovery that has been obtained can be estimated. 


* Petroleum Engineer, Production Dept., Gypsy Oil Co. 


Influence of Well Diameter upon the Pressure Gradient and 
Rate of Flow of Oil through the Reservoir Rock in the 
Vicinity of a High-pressure Flowing Well 


By L. C. Uren,* Memper A.I.M.E., J. Domerca, Jr.,f anp J. Mustat 
(New York Meeting, February, 1935) 


Tuat the diameter of a well through the oil-producing formation has 
an important influence on its rate of production is a principle accepted 
by many petroleum technologists. Knowledge of this principle extends 
back at least to the time when Slichter and King! confirmed it in a study 
of the dynamics of flow of water through porous strata into wells. More 
recently, the senior author? and his associates* have produced qualitative 
experimental data confirming the principle as applied to drainage of 
expanding oil and gas mixtures, and suggesting that wells of large diame- 
ter, or wells having cavities about them within the reservoir rock, enjoy 
a material advantage in competition with wells of ordinary diameter. 
Apparently, however, no one has produced experimental data designed 
to indicate quantitatively the advantages that wells of large diameter 
possess in comparison with wells of normal diameter producing under 
comparable conditions. This paper reviews some preliminary experi- 
mental results of this kind, together with some conclusions and specu- 
lations based thereon, which further emphasize the importance of well 
diameter as a factor in determining the efficiency of oil recovery. 


THEORETICAL ASPECTS OF RapIAL FLow or FLuIps INTO WELLS 


It is well understood that in a reservoir rock of uniform thickness 
and permeability oil and gas flow toward the wells along radial lines. 
The cross-section of the reservoir rock through which the fluids must 
move becomes ever smaller as the wall of the well is approached. The 
velocity of flow must therefore correspondingly increase, an effect that 

“is accentuated by the rapid increase in volume of the fluid due to release 


Manuscript received at the office of the Institute Oct. 15, 1934. 

* Professor of Petroleum Engineering, University of California, Berkeley, 
California. 

+ Los Angeles, California. 

t Bogota, Colombia, 8. A. 

1 Slichter and King: U. S. Geol. Survey 19th Ann. Rept, (1897-98) pt. 2. 

2L. C. Uren: Increasing Production of Petroleum by Increasing Diameter of Wells. 
Trans. A.I.M.E. (1925) 71, 1276-1300. 

3L. C. Uren, F. F. Davis and W. L. Jarvis: Advantages of Large Diameter Wells 
in Exploitation of Oil Fields. Bull. Amer. Petr. Inst. (Jan. 3, 1929) 10, No. 2, 94-105. 
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of gas from solution, and expansion that results from rapid reduction 
of pressure in the vicinity of the wall of the well. The changing cross- 
section of flow may be represented diagrammatically as in Fig. 1. Here 
ABCD represents a square inch on the wall of a well 6 in. in diameter, 
and segment ABCDEFGH, parallel with the bedding planes of the pro- 
ductive formation, represents the prism of oil-reservoir rock that yields 
the total volume of oil and gas passing through the square inch on the 
wall of the well. IJJKL is the area intercepted by this prism on the 
walls of a concentric 60-in. well. We may think of this theoretical 
wedge-shaped prism of oil-reservoir rock as a drainage unit or element, 
the entire production of the well being derived from a number of such 


Comparative drainage 
areas exposed on walls 
of 6" and 60" wells 


AB I L 

S A. VILL E 
J K 

6" Well 60" Well 


Fic. 1.—Concrerr oF “DRAINAGE UNIT” AND RADIAL CHARACTERISTICS OF FLOW 
THROUGH RESERVOIR ROCK TOWARD WELL. 


units, which make up the total thickness and expanse of reservoir rock 
surrounding the well. 

It has been demonstrated that the resistance offered by a porous 
rock to flow of fluids through it is directly proportional to the rate of 
flow’. It follows, therefore, that near the wall of a well, where flow is 
comparatively rapid, the rock resistance and pressure loss is considerably 
greater than at points remote from the-wall of the well, where the velocity . 
of flow is very low. In the theoretical drainage element referred. to 
above, at the wall of a well having a radius of 3 in. where the cross- 
section of the reservoir rock is but 1 sq. in., the rate of flow would be 
at least 10 times that at a cross-section 30 in. back in the reservoir rock 
from the axis of the well. The ratio of 10 to 1, cited for the relative 
flow velocities at the assumed distances from the axis of the well, would 
hold true if we were dealing with a fluid of constant volume; but where the 


4 *W. O. Smith: Capillary Flow through an Ideal Uniform Soil. Physics (Septem- ~ 
er, 1932). 
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_volume of fluid is constantly increasing because of gas expansion, it is 


clear that an even greater ratio of relative velocities would apply. 


Lasoratory APPARATUS EMPLOYED 


‘The experimental results presented herein were secured with the aid 
of an apparatus that closely reproduces all of the physical conditions 
existing within the reservoir rock about a high-pressure flowing well. 
This apparatus has been in use over a period of several years in the 
Petroleum Engineering Laboratories of the University of California and 
has been described in detail in an earlier paper®. It will be sufficient here 
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Fia. 2.— DIAGRAMMATIC ‘‘ FLOW SHEET” SHOWING RELATIONSHIP OF PARTS OF CONICAL 
DRAINAGE APPARATUS. 


‘to describe it only in general terms, with the expectation that one inter- 


ested in securing dimensional and other details will find them in the 
earlier paper to which reference is given. 

The apparatus permits of making tests with gas-saturated oils under 
formation pressures as great as 2000 lb. per sq. in., and with rates of flow 
comparable with those in wells producing several thousand barrels of oil 
per day. Fig. 2 presents a diagrammatic outline of the several parts of 


the apparatus. 


5L. C. Uren and E. J. Bradshaw: Experimental Study of Pressure Conditions 
Within the Oil Reservoir Rock in the Vicinity of a High-pressure Producing Well. 
Trans. A.I.M.E. (1932) 98, 438-466. 
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MANIPULATION OF APPARATUS IN q 
Conpuct oF TESTS - 


Two series of tests were per- 
formed under comparable condi- 
tions, except that in one group of 
experiments the drainage cone was 
completely filled with sand, so that 
it was, in effect, producing through 
the wall of a well 6 in. in diameter. 
In the second group of experiments, 
the screen confining the sand with- 
in the tube was set 214 ft. from 
the delivery end of the cone and 
the sand removed on the down- 
stream side, so that delivery was, 
in effect, through the wall of a well 
60 in. in diameter. Fig. 3 presents 
two longitudinal sections of the 
drainage cone, showing the position 
of the sand body within, for each 
of the two series of tests. 

In each of the two series of 
experiments, tests were made with 
several different ‘“‘formation”’ pres- 
sures. Insome experiments, herein 
referred to as ‘‘sustained flow 
tests,” the-test pressure was main- 
tained at the large end of the cone 
and flow maintained with a con- 
stant rate of delivery of oil at the 
discharge end until equilibrium 
pressure conditions throughout the 
sand column were attained. In 
other experiments herein referred 
to as ‘‘closed-flow tests,’ the sand 
column was charged with gas- 
saturated oil at the desired ‘‘for- 
mation pressure.” Then the inlet 
valve at the large end was closed, — 
the outlet valve at the small end 
was opened and the oil allowed to 
escape under the influence of the 
expansive force of the gas released 


6-INCH "WELL" 


—9'-9*— 
60-INCH “WELL” 


ae Gauges 
QO O O O 
AND AS USED IN EXPERIMENTS SIMULATING FLOW INTO A 60-IN. WELL. 


(Wall of 60" Well 


>| 


Screen’ 


4 Wall of 6" Well 


“Screen 


O 


) 


— IM fo six — 


7 
a 


Ps 
Fic. 3.—LONGITUDINAL SECTIONS THROUGH DRAINAGE CONE SHOWING IT AS USED IN EXPERIMENTS SIMULATING FLOW INTO A 6-IN. WELL 


‘ 


L. C. UREN, J. DOMERCQ, JR. AND J. MEJIA 29 


from solution. In each experiment, the pressure gradient along 
the cone was determined by observation of pressure gages con- 
necting at short intervals directly with the sand column. Also, the rate 
of flow was recorded for each sustained flow test, and in closed-flow ~ 
tests the rate of flow and cumulative production were recorded at brief 
time intervals. 

The oil used in these tests was a California asphaltic-base crude of 
24° A.P.I. gravity, having a viscosity of 0.30 poises at 65° F., the pre- 
vailing temperature at which the tests were conducted. The surface 
tension at this same temperature, as measured with the Du Noiiy 
tensiometer, was 32.3 dynes per centimeter. The gas used in saturating 
the oil was Kettleman Hills natural gas from which the readily condensa- 
ble fractions had been extracted. Its composition was approximately 
78 per cent methane and 22 per cent ethane. The sand used was a 
Monterey beach sand having the grain-size distribution indicated in 
Table 1, and it was compacted in the cone to an approximately uniform 
porosity, averaging 32.8 per cent. 

TaBLe 1.—Results of Screen Analysis of Sand* Used in Experiments with 
Conical Drainage Apparatus 


MesxH> PERCENTAGE CUMULATIVE PER CENT 
On 10 0.04 0.04 
10— 14 0.07 0.11 
14— 28 6.14 6.25 
28- 35 21.46 Paw al 
35— 48 39.76 67.47 
48— 65 29.20 96.67 
65-100 2.51 99.18 
100—200 0.54 99.72 
Through 200 0.25 00.97 


* Uniformity coefficient, 2.00; “effective” grain size, 0.05 mm. 
> Using Tyler standard screens. 

The reservoir sand has high permeability and the oil is of perhaps 
average viscosity among California crudes but of relatively high viscosity 
in comparison with most Mid-Continent and Eastern crudes. In 
comparison with most reservoir rocks encountered in the field, the factors 
entering into our conical-tube experiments undoubtedly present a con- 
dition of abnormally high permeability. We should, therefore, expect 
field drainage efficiency to be much less perfect, pressure gradients in the 
vicinity of wells in the field considerably more abrupt and the differences 
in these and other respects between wells of small and large diameters to 
be emphasized to a greater degree under field conditions than in the 
experimental apparatus. 


COMPARISON OF PRESSURE GRADIENTS IN SUSTAINED-FLOW TESTS 


Sustained-flow tests were performed under conditions simulating 
flow into both 6-in. and 60-in. wells. Experiments were made with 
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sustained basal pressures at the large end of the cone, ranging from 
200 to 1400 Ib. per square inch. In one series of tests, “dead” oil 
(i.e., oil containing no, or very little, dissolved gas) was used and in 
- another series, “live” oil saturated with dissolved gas at the pressures 
maintained was employed. Space does not permit of a complete record 
of the many tests made, but typical selections are offered from assembled 
data for comparative purposes. For the convenience of the reader, they 


will be presented in graphic form. 
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Sustained flow of dead oil at rate of 1256 c.c. per minute. 
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Sustained flow of live oil at rate of 1296 c.c. per minute. 
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Fig. 4 presents two pressure gradients secured in experiments using 
‘“‘dead’’ oil, each obtained in the same rate of flow, one for a 6-in. well 
and the other for a 60-in. well. The established rate of flow was main- 
tained in the 60-in. well, with a differential pressure between the two 
ends of the cone of 600 Ib. per sq. in., while in the 6-in. well a differential 
pressure of 862 lb. was necessary. The gradient created about the small 
well was considerably steeper than that in the vicinity of the 60-in. well. 
Fig. 5 presents two additional pressure gradients obtained with “live” 
oil, one for a 6-in. and thfe other for a 60-in. well. Again, the 6-in. well 
gradient is considerably steeper than that created by the 60-in. well, 
and a differential pressure nearly 300 Ib. greater was necessary to maintain 
the recorded flow of 1296 ¢c.c. per minute. 

Pressure gradients with live oil are invariably steeper in the vicinity 
of the wall of the well than when dead oil is used, whether the diameter 
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of the wellis large or small. Fig. 6 presents typical comparative gradients 
for both live and dead oil obtained with the 60-in. well at two different 
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Fic. 6.—CoMPARATIVE PRESSURE GRADIENTS FOR DEAD AND LIVE OIL AT TWO DIFFER- 
ENT RATES OF FLOW. 


basal pressures; for a given basal pressure, somewhat more live oil flows 
than dead oil. The steeper gradients obtained with live oil are due, 
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Fic. 7.—CoMPARATIVE PRESSURE GRADIENTS FOR EQUAL RATES OF SUSTAINED FLOW. 
Sustained flow of live oil at rate of 1296 c.c. per minute. 
of course, to the greater volume of fluid in motion and higher flow 
velocities resulting from release of gas from solution in the oil. 
Extrapolation of the two pressure gradients presented in Fig. 5 yields 
the graphs reproduced in Fig. 7. These afford an interesting basis for 
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comparison of the approximate drainage influence developed under the 
experimental conditions presented in the 6-in. and 60-in. wells. For 
example, it is shown that at a distance of 300 ft. from the axis of a 6-in. © 
well the formation pressure necessary to maintain a flow of 1296 c.c. per 
minute would be more than 600 Ib. greater than that necessary to main- 
tain the same rate of flow over a similar distance to a 60-in. well. Stated 
another way, a formation pressure of 1000 lb. per sq. in. is capable of 
maintaining a flow at the rate of 1296 c.c. per minute over a distance of 
250 ft. toward a 60-in. well, but the same pressure is capable of moving ~ 
the same quantity over a distance of only 30 ft. toward a 6-in. well. 
For movement of oil at this rate over a radius of 350 ft., the 6-in. well 
requires about 58 per cent greater pressure than the 60-in. well. 
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Fic. 8.—CoMPARATIVE RATES OF FLOW AT DIFFERENT BASAL PRESSURES, WITH LIVE 
OIL IN SUSTAINED FLOW. 


It should perhaps be explained that the extrapolated gradients repro- 
duced in Fig. 7 imply a reservoir condition in which the oil is under- 
saturated with dissolved gas at distances more than 1714 ft. from the 
wall of the well, there being no gas released from solution except within 
1714 ft. of the wall of the well. While such a condition would seldom 
be true in the field, it is believed that the extrapolated graphs are not 
greatly divergent from the usual field condition, inasmuch as the volume 
of gas released from solution and existing in the formation as such at 
pressures above 500 lb. per sq. in. is comparatively small. In any event, 
the two extrapolated gradients are subject to approximately the same 
corrections and therefore are comparable. 


Comparison OF Rates or FLow IN SusTAINED-FLOW TESTS 


Under a given basal pressure, the 60-in. well invariably yields from 
145 to 150 per cent more dead oil than does the 6-in. well under com- 
parable conditions. This figure accords very closely with the rate of 
flow indicated as probable by a modified form of the original Slichter 
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equation® proposed in a paper by the senior author’ in 1924. This 
formula indicates that the rate of production varies inversely as the 
logarithm of the ratio of the total distance traversed by the oil in its 
movement through the reservoir rock, divided by the radius of the well. 
Fig. 8 presents two graphs based on experimental data, with the aid of 
which the rate of flow of live oil into either size of well under any specified 
pressure may be readily predicted. 

Again, as noted above, it has been observed that the rate of flow of 
live oil is greater, for a given basal 
pressure than the rate of flow of 
dead oil, though this is less notice- 
able with the 6-in. than with the 
60-in. well. This confirms a con- 
clusion reached in some of the 
earlier work with this apparatus, 
that gas bubble resistance to 
movement through the pore spaces 
of the reservoir rock is a force of 
comparatively small magnitude 
and does not seriously retard flow. 
At least, it may be said that any 
retarding influence that the gas 


ute 
3 
co) 


Flow velocity, centimeters per min 


5 10 
Distance from Well of Well, Feet 


bubbles may have is more than 
offset by the reduced density and 
resistance to movement (viscosity ?) 
presented by the mixture of gas 
bubbles and oil, in comparison 


Fi1c.{9.—CoMPaRATIVE FLOW VELOCITIES 
OF DEAD OIL AT DIFFERENT DISTANCES FROM 
THE WALL OF THE WELL, FOR EQUAL RATES 
OF FLOW. 


with the density and viscosity of 


gas-free oil. 

The reason for the greater rate of flow into the well of larger diameter 
under given differential pressure is apparent when we consider the relative 
flow velocities at different distances from the wall of the well, as repre- 
sented graphically in Fig. 9. For dead oil, the rate of flow at the wall of 
a 6-in. well is necessarily 10 times that at the wall of a 60-in. well. Ten 
feet or more back in the sand from the wall of the well there is com- 
paratively little difference in flow velocities. If the flow resistance 
increases directly as the rate of flow—as is probable with the rates of 
flow with which we are here concerned—it may be shown that for a 
given volume-rate of flow the resistance offered by the reservoir rock 
within 214 ft. (30 in. minus 3 in.) of the wall of a 6-in. well is greater 
than the resistance offered by the reservoir rock within 200 ft. of the wall 


of a 60-in. well. 


6 Reference of footnote 1. 
7 Reference of footnote 2. 
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If large volumes of gas are flowing with the oil through the reservoir 
rock, it is apparent that flow velocities will be materially greater than 
those indicated for dead.oil in Fig. 9. Computation of the rate of flow 
and resistance offered by flow of gas-oil mixtures through sand is fraught 
with considerable uncertainty, the rate of release of gas from solution 
with reduction of pressure, and the amounts of gas flowing at different 
distances from the wall of the well, being somewhat problematical. 


ULTIMATE RECOVERIES IN CLOSED-FLOW TESTS 


A few closed-flow tests were performed to determine the influence 
In these tests, as previously © 


of well diameter on ultimate recovery. 
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explained, the pores of the sand are 
charged with gas-saturated oil and the 
inlet valve at the larger end of the tube 
is then closed. When the outlet valve 
is opened, the oil expelled is produced 
only by the expansive effects of such 
gas as is present in solution in the oil. 
Because it offers less resistance to flow, 
the larger diameter well invariably 
produces a greater total or ultimate 
volume of oil than the small well. Fig. 
10 presents production graphs showing 
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the cumulative recoveries obtained in 
comparable tests in which an_ initial 
pressure of 600 Ib. per sq. in. was 
used. After making due allowance for 
free oil in the apparatus outside of the 
sand body, it appears that the total 
recovery secured by the large well was 
more than twice as great as that secured 
by the small well. Yet the volume of oil-saturated sand connected with 
the large well was smaller than that with the small well. Computations 
based on the total pore space of the sand body available for storage of oil, 
and the gross recovery after exhaustion of the gas, indicate a percentage 
recovery of only 8.1 per cent for the 6-in. well and 17.6 per cent for the 
60-in. well. The large diameter well thus not only enjoys a greater 
current rate of recovery but is more efficient in the sense that it secures 
a materially greater ultimate recovery. 

Though gas-oil ratios were not determined with accuracy in these 
tests, it is clear that the 60-in. well produces with materially lower gas-oil 
ratios than the 6-in. well. For example, in the gradients of Fig. 5, 
inasmuch as the basal pressure necessary to maintain the rate of flow of 
1296 c.c. per minute through the experimental cone is some 280 lb. 
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greater for the 6-in. than for the 60-in. well, the entering oil, if saturated, 


would contain about 60 cu. ft. more of gas per barrel. Aside from a 


higher formational gas-oil ratio, it also seems probable that there would 
be more “‘slippage” of gas through the oil in the small well. This is 
evidenced by the materially lower percentage recovery secured with the 
6-in. well than that obtained by the 60-in. well in the closed-flow tests. 
In so far as gas-oil ratios may be taken as a measure of recovery efficiency, 
it is clear that the advantage is again with the well of large diameter. 


PraAcTicaAL REALIZATION OF ADVANTAGES OF LARGE DIAMETER 


Though it is not the purpose of this paper to discuss in detail the 


_ practical means by which the advantages of large-diameter wells may be 


realized in field practice, it seems appropriate to briefly review the 
methods by means of which the authors believe that such advantages 
could be substantially obtained. Obviously it would be uneconomic, in. 
some cases impractical, to drill from the surface deep wells of 60 in. or 
more in diameter. The same advantages may be realized, however, by 
drilling wells of normal diameter and then developing cavities of 5 ft. or 
more in diameter about them within the reservoir rock. In hard rocks, 
this may be accomplished with the aid of explosives. The advantages to 
be derived from “‘shooting”’ wells are well known. The authors believe 
that the larger rates of production, the lower gas-oil ratios’ and the 
greater ultimate recoveries obtainable from wells that have been shot? 
is in no small part due to the formation of cavities about them. 

In semiconsolidated and unconsolidated reservoir rocks, the same 
result may be achieved by hydraulic methods, and to some extent also 
by special types of mechanical under-reamers. That the hydraulic 
system of forming cavities about wells within the reservoir rock and of 


filling them with gravel—a system proposed by the senior author" in 


1924—is practical, has recently been proved by the successful completion 
of a number of deep gravel-wall water wells by this method’. In a 
typical case, a well drilled for water near Sumter, 8.C., to a depth of 
600 ft., was reamed near the bottom by hydraulic jets and 190 cu. yd. of 
gravel was introduced, also by hydraulic methods, to fill the cavity thus 
formed. The well produces more than twice as much water as other 
wells of normal diameter drilled only 200 ft. distant and producing from 
the same stratigraphic horizon. Furthermore, the well with the gravel- 


89. F. Shaw: Increasing the Ultimate Recovery of Oil. Trans. A.I.M.E. (1931) 
92, Petr. Dev. and Tech., 176-193. 

°L. C. Uren: New Methods of Using Energy in Gas to Stimulate Oil Recovery. 
Nat. Petr. News (Apr. 27, 1927) 67-77. 

10 Reference of footnote 2. 

11R. R. Schweitzer: Gravel-Wall Wells. Jnl. Amer. Water Works Assn. (June, 
1934) 26, No. 6, 712-724. : 
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filled cavity produces no sand, which is troublesome in the surrounding 
wells, the gravel serving as a perfect filter or screen. There would appear 
to be no reason why this same result could not be achieved in any oil 
well producing from unconsolidated or semiconsolidated formations, and 
at any desired depth. 

Petroleum engineers have made important progress in other ways in 
improving recovery efficiency, but comparatively little effort has been 
made as yet to control this most important factor of well diameter, We 
go on year after year, drilling small-diameter wells, apparently content 
with a result that obviously could be greatly improved. Practical ways 
must be found to secure the substantial advantages that go with large- 
diameter wells. More may be accomplished in improving recovery 
efficiency in this way than by any other. It is the one avenue that yet 
remains to be explored in achieving the highest possible ultimate recovery 
by well-drainage methods. Fewer wells, lower development cost, lower 
production cost, more efficient utilization of the natural expulsive forces, 
greater per-well-per-day yields and greater ultimate recoveries and per- 
acre yields: all are possible by drilling wells of larger diameter. 


CONCLUSIONS 


Consideration of the experimental results and theoretical con- 
siderations presented in this paper would seem to justify the follow- 
ing conclusions: 

1. The pressure gradient in the vicinity of a large-diameter well is 
less abrupt than in the vicinity of a small-diameter well, and the pressure 
at a given distance from the wall of the large well will always be materially 
lower, under otherwise comparable conditions, than at the same distance 
from the wall of the small well. 

2. Irrespective of the diameter of the well, the pressure gradient 
is more abrupt in the immediate vicinity of the well when gas accompanies 
the oil than when gas is absent. The gradient becomes steeper as the 
differential pressure and gas-oil ratio increase. However, the differences 
between ‘‘live” oil and “dead” oil in these respects are less with large 
diameter wells than with small. 

3. Extrapolation of experimental pressure gradients for 6-in. and 
60-in. wells indicates that large-diameter wells develop a materially 
greater drainage radius under a given field pressure than small-diameter 
wells. More energy is consumed in moving the oil through the zone 
within 27 in. of the wall of the 6-in. well than through a zone 200 ft. in 
radius about the wall of a 60-in. well. 

4. The rate of production of a 60-in. well producing dead oil under a 
given set of reservoir conditions is nearly 1.5 times that of a 6-in. well 
under similar conditions. Any flowing or pumping well should enjoy 
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a comparable increase in productivity at any time during its productive 
life by increasing its diameter from 6 to 60 inches. 

5. The rate of flow of live oil under a given pressure differential is 
greater than for dead oil under the same differential pressure. Large- 
diameter wells apparently enjoy a greater advantage in this respect 
than small-diameter wells. Such resistance as gas bubbles in association 
with oil offer to movement through the reservoir rock is apparently more 
than offset by the reduced density and viscosity of the gas-oil mixture, so 
that the net effect of the gas is to promote rather than to curtail drainage. 

6. Large-diameter wells secure a larger ultimate recovery than 
small-diameter wells under otherwise comparable conditions. Under 
the experimental conditions in closed-flow tests, the 60-in. well secured 
more than twice as great a percentage recovery as the 6-in. well. The 
percentage recovery increases as the initial pressure increases, relatively 
more so with large-diameter wells than with small-diameter wells. 

7. Large-diameter wells produce with lower gas-oil ratios than 
small-diameter wells. 

8. The advantages that go with large-diameter wells may be realized 
practically by forming cavities about them within the oil reservoir rock. 
In hard, well cemented reservoir rocks this may be accomplished with the 
aid of explosives; in unconsolidated or semiconsolidated sands and sand- 
stones, by mechanical reamers or by hydraulic methods, filling the cavities 
thus formed with gravel to prevent caving and serve as a sand filter or 
screen. Recent applications in the conditioning of water wells show the 
hydraulic method to be entirely practical. 

9. The oil-reservoir rock in the immediate vicinity of the wall of a 
producing oil well is a critical zone in which much of the energy utilized 
in moving the oil through the reservoir rock into the well is consumed. 
A high degree of conservation of formational gas energy may be achieved 
by moderate increase in the well diameter, removing the part of the forma- 
tion that consumes so large a part of the natural energy associated with 
the oil. By this means the efficiency of oil recovery may be increased 
materially, wells may be more widely spaced and development and pro- 
duction costs greatly reduced. 


Colloidal Properties of Clay Suspensions 


By W. K. Lewis,* Lomsarp Squizus* anv W. I. THompson* 


(Tulsa Meeting, October, 1934) 


Cuays consist predominantly of hydrated silicates of alumina. The 
formula is frequently assumed to be Al.O; - 2SiO2 - 2H20, and certain of 


TaBLE 1.—Composition of Clays* 


Percentages 


Analysis Ti 4  3l | Tae oY EN ht 


Grade | Wasted) Bat | preciay| Adobe | Gumbo | Benton 
BiOssseeee eae 62.40 | 45.78 | 46.85 | 51.92 | 58.19 38.08 50.30 
AlsOgec.- 0s dene 2os0Lspa0. 465 oonlomtal 04 )| lets 11.36 15.96 
Fe.03; + FeO........ LT) L40 et 36 2-045 a ba | cared 2.60 0.86 
CaO + MgO........ 0.58 | 0.54] 0.75 | 0.47 | 12.96 23.70 ete 
KO + Na.O........ 0.98 | 0.25 | 0.71 | 0.40] 0.18 2.18 2.64 
HOSS Fes eee 8.80 | 13.40 | 16.45 | 18.49 | 2.00 3.06 23.61 
Moisture........... 0.25 2.05 18.80 
SOs soi cienk sateen 0.3 
THO es ae ee L165 1205 0.7 
COe.. Be een 8.00 (18.80) 

Al,03/SiOa. . ..| 0.254 0.49 | 0.44] 0.379) 0.1195 0.1852 | 0.197 
CaO/Na.0.......... 1 O17 350k 1,82.) 2025/6125 5.08 


I. North Carolina. Low plasticity. 
II. Same as I, after washing. Low plasticity. 
III. Tennessee. Good plasticity. 
IV. Pennsylvania flint fireclay. Low plasticity. 
V. Laredo, Texas. Very plastic. CaO/Na.O corrected for GOs. 


VI. San Antonio, Texas. Fine grained, highly plastic. Moisture and CO, were 
determined together at 18.8 per cent. 


VII. Selected crude bentonite, California. 
“ Data from H. Ries: Clays. ‘Tohn Wiley & Sons, New York, 1927. 


them undoubtedly have substantially this composition, but in general 
the ratio of silica to alumina is considerably higher. However, they 
always contain water of chemical constitution, as shown by Table 1. 


Manuscript received at the office of the Institute Oct. 13, 1934. 
* Department of Chemical Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 
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The behavior of clays is largely determined by the properties of the 
individual clay particles, most important of which are size, shape and 
surface characteristics. There is little doubt that plastic, claylike 
properties are not developed until the particle size is below about 0.01 mm. 
The lower limit is not known, although the existence of particles as small 
as 2 by 10-® cm. in diameter has been reported. Clays also contain 
appreciable percentages of particles larger than 0.01 mm., usually con- 
sidered as impurities, silt, sand, etc. Because of their size, below the 
resolving power of the microscope, the shape of the particles is difficult 
to determine. Several observers have reported the presence of flat, 
platelike crystals in clay when examined microscopically. Whether this 
is true of all clays is not known, but facts point to the conclusion that 
even the small particles may be platelike. Thus, most bentonite sus- 
pensions show double refraction when flowing in viscous motion, indicat- 
ing that the particles are anisotropic. Furthermore, many of the 
typical clay minerals are shown microscopically to occur as plates or 
bunches of plates. Pure kaolin exhibits a marked X-ray pattern, showing 
the presence of crystalline particles. From this evidence it may be 
inferred that clays are composed largely of exceedingly fine, platelike 
crystals of the ‘‘clay”’ minerals, contaminated with varying amounts of 
sand, organic matter and the like. 

This paper is concerned primarily with the behavior of clay suspended 
in water. Under these conditions the clay particles possess appreciable 
electric charge, as shown by their migration in an electric field. Under 
almost all conditions the charge is negative. It is possible to “plate” 
out the particles on a suitably prepared electrode, building up layers of 
considerable thickness. The magnitude of the charge per particle varies 
widely and the charge can be neutralized and even reversed, particularly 
by polyvalent cations. The particles are so small that, while not 
resolvable by the microscope, they can be seen to exhibit Brownian 
movement in considerable degree. However, for the production engineer, 
the most important properties of aqueous suspensions of clays are their 
characteristics from the point of view of flow and gelation. Hence the 
following discussion will be directed almost exclusively to a study of 
these problems, but in order to understand them it is necessary to have a 
clear picture of the behavior, not merely of clay suspensions, but of 
other types of fluids as well. 


DETERMINING VISCOSITY 


The best way to determine the viscosity of a pure liquid is the use of 
some form of capillary viscosimeter. If, however, such an instrument is 
employed for suspensions, or solutions of materials of high molecular 
weight, difficulties are frequently encountered, probably due to irregulari- 
ties of flow caused by the fact that the particles themselves have dimen- 
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sions approaching that of the diameter of the capillary. In such cases a 
viscosimeter of the falling ball or concentric cylinder type is advantageous, 
since the thickness of the liquid layer is far greater; the latter has the 
further advantage that it can be operated with rates of shear that are 
approximately the same at all points in the fluid. All instruments of this 
type measure the torque at some rate of rotation, the viscosity being 
proportional to the twisting force and inversely-to the rate of rotation. 

If, in such a torsion viscosimeter, the rate of rotation is varied, in 
testing all pure liquids and many solutions, even of high molecular weight 
solutes and suspensions, the torque is proportional to the rate of twist; 
ie., to the revolutions per minute. However, many suspensions and 
colloidal solutions show an entirely 
different behavior in that, if torque 
is plotted against revolutions per 
minute the line no longer passes 
* through the origin, although the 
relationship is substantially linear, 
but if extended below the exper- 
imental range, to zero r.p.m., cuts 
the torque axis at a different point.! 
This is called yield point of the 
fluid. Possession of a yield point 
thus determined may well be taken 
as a criterion of plasticity. 

It is clear that for a fluid with 
zero yield point the slope of the 
r.p.m.-torque curve is inversely pro- 

portional to its viscosity; i.e., 
Fane if POA Teena ny eee directly proportional to its fluidity. 

Fig. 1.—Errect or rine arinpinc on For a fluid showing a yield point, 

VARIOUS AQUEOUS SUSPENSIONS. CONCEN- the fluidity for a given rate of shear 

is proportional to the slope of the line 
connecting the point in question with the origin; for instance, on Fig. 1, 
for the fluid represented by the line EF, at the point G, the fluidity is the 
slope of the dotted line connecting G with the origin. The diagram shows 
that the viscosity of the fluid represented by the line HF is changing 
progressively and rapidly with the r.p.m.; i.e., with the rate of shear. 
Because the slope of the r.p.m.-torque line is a measure of the fluidity for 
fluids with zero yield point, Bingham has suggested that in other cases 
the corresponding slope be called the mobility. For fluids with zero 
yield point, fluidity and mobility become identical. Study of the 


1 Discussion of the actual behavior of the fluid in the immediate neighborhood of 
zero rate of shear is beyond the compass of this article. 
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diagram makes it clear that for fluids exhibiting yield point the mobility 
is the fluidity (i.e., the reciprocal of the viscosity) of the fluid for con- 
ditions of infinite rate of shear. 


YIELD POINT OR MOBILITY (ARBITRARY UNITS) 


TORQUE (DEFLECTION) MINUTES STIRREP (2000 R.P. M.) 


Fig. 2.—EFFECT OF HIGH-SPEED STIRRING Fic. 3.—EFFECT OF HIGH-SPEED STIRRING 
ON CONROE DRILLING MUD. ON CONROE DRILLING MUD. 


Postulate a suspension of particles 
of definite volume, unchanging with 
rate of shear. From the analysis on 
which the Hinstein equation discussed 
below is based, the viscosity should be 
constant, independent of rate of shear. 

Fig. 1 shows data on the r.p.m.- 
torque relation as determined with a 
Stormer viscosimeter for: (1) a sus- 
pension of finely ground quartz in 
water, suspensions of (2) barytes 
and (3) mica similarly prepared, 
and (4) a suspension of a typical 0 oe pia wht oz 250 
china clay. The quartz exhibits NO FG. 4.—EFFECT OF TYPE OF SUSPENDING 
detectable yield point, the mica and LIQUID ON CLAY SUSPENSIONS. 
barytes both show a yield point, ees SoC AL liclasd, grams per 
unmistakable even though small, 
whereas the clay is characterized by a very high yield point value. 
Fig. 2 shows the influence on the yiscosity behavior of the clay of 
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violent agitation immediately prior to testing. Curves 1 to 6 cor- — 


respond to times of preliminary agitation of 0, 1, 2, 3, 4 and 5 


minutes, respectively. 


While one minute greatly decreases the yield 


YIELD POINT (ARBITRARY UNITS) 


Fig. 5.—Errecr or PH ON YIELD POINT AND MOBILITY OF CONROE DRILLING MUD. 


point, longer agitation produces progressively less effect. 


The agita- 


tion also increased the mobility, but far less than the change in yield 


point. 


YIELD POINT (ARBITRARY UNITS) 


aA 8 12 16 2.0 

¢¢.QUEBRACHO TANNIN IN 100 c.c. CLAY SUSPENSION 
Tia. 6.—Errect or QUEBRACHO TANNIN 
ON YIELD POINT OF Rasps RIDGE DRILLING 
MUD AT VARIOUS PH VALUES. 


These changes can be visualized more readily from Fig. 3. Fig. 4 


shows the influence on clay sus- 
pensions all containing identical 
quantities of clay per unit volume, 
of the character of the suspending 
liquid. Clay suspended in 95 per 
cent alcohol shows a mobility prac- 
tically the same as that of the 
clay suspended in the water, but 
its yield point is approximately 
50 percent higher. Concentrated 
hydrochloric acid decreases the 
mobility slightly but pulls the 
yield point down to approxi- 
mately half that of water. . The 
suspension in benzene does not 


show a linear relationship but the fluidity is even less than that of alcohol. 
The effect of small amounts of addition agents to aqueous suspensions is 
seen from Figs. 5, 6 and 7, each of which was constructed from a large 
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rate of shear. The relationship 
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number of lines similar to those of Fig. 3. The mud of Fig. 7 is not 
identical with that of Figs.-5 and 6. 


CAUSES OF VISCOSITY RELATIONSHIPS 


The problem in hand is to develop the clearest practicable picture 
of the underlying causes of these relationships. 

Mathematical analysis shows that the viscosity of a-dilute suspension 
of rigid, spherical particles, uniform in size, is given by the Einstein 
equation, uw = yo(1 + 0.5v)/(1 — v)2, in which po is the viscosity of the 
liquid in which the particles are suspended, y» the viscosity of the suspen- 
sion, and v the volume fraction of 
the suspended particles. -The vis- 
cosity of the suspension is, as the 
equation indicates, independent 
of the size of the particles and 


has been carefully tested exper- 
imentally and undoubtedly is 
sound. Furthermore, the influ- 
ence of variation in particle size 
in a given suspension is not great 
provided the fractional size dis- 
tribution remains unchanged, and, 
while the equation breaks down GRAMS (FeCly-6 He0) PER 100 c.c. OF SUSPENSION 
at high values of », it still remains Fie. 7—Errecr or rerric CHLORIDE ON 
true that at these high values BABBs RSP UD} 

the viscosity is a unique function of the volume fraction. There is 
no doubt that the high viscosity shown by ordinary suspensions 
is due solely to this Einstein effect; i.e., to the volumetric interference 
of the suspended particles with the movement of the liquid. Further- 
more, the same is true of the viscosity of emulsions of one liquid in 
another; in other words, the interfering, suspended particles need not be 
rigid. The resistance to deformation of a small droplet caused by its 
surface tension is ample to give the effect. There is every reason to 
believe that this same volumetric interference of suspended particles is 
the fundamental cause of the high viscosity exhibited by so-called col- 
loidal solutions of many materials of extremely high molecular weight, 
although in this case, as will appear later, other important factors enter 
into the phenomenon. Finally, it is important to recognize that, while 
the shape of the suspended particles has but little effect so long as their 
dimensions are roughly the same in all directions, rodlike or chainlike 
particles produce viscosity increases in excess of the solvent out of all 
proportion greater in relation to the volumetric fraction of the particles. 


YIELD POINT OR MOBILITY (ARBITRARY UNITS) 
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Assume a suspension in a given liquid of particles of definite, unchang- : | 


ing volume. From the preceding discussion it is clear that the viscosity 
should be constant, independent of rate of shear. Consequently, one is 
forced to the conclusion that in suspensions or colloidal solutions in 
which the relation between r.p.m. and torque is other than a straight 
line through the origin, some factor other than the volumetric interference 
of the suspended particles with liquid flow is playing a predominant part. 
These abnormalities in behavior can be explained only in the light of 
the knowledge of the surface characteristics of the particles and their 
interactions with each other. 

Study of the characteristics of liquids has led to the conclusion that 
molecules exhibit attractive forces which are enormous in magnitude 
in the immediate neighborhood of the molecular surface, but fade away 
with extreme rapidity as the distance from the surface increases. Fur- 
thermore, these attractions undoubtedly are electrical in character, of 
the nature of stray fields of electric force caused by incomplete neutraliza- 
tion of the electronic charges (e.g., of the valence forces) within the 
molecule. Their total effect in any given case is proportional to the 
amount of surface involved and to the intensity of the stray fields in 
the neighborhood of that surface. It thus becomes possible to understand 
the influence of molecular weight on boiling point. A molecule on the 
surface of a liquid is held there by the attractive forces under discussion. 
Clearly, the larger the molecule, the greater the extent of its surface, 
and hence the greater the force holding it on the surface of the liquid. 
Its escaping tendency into the vapor is due predominantly to its kinetic 
vibrations, which in turn depend primarily on the temperature, uninflu- 
enced by the structure or size of the molecule. Volatility is determined 
by the balance between these two sets of forces. Hence, as molecular 
weight and therefore molecular surface increases, volatility always 
decreases greatly. However, one must not ignore the intensity of the 
surface forces. Thus, water boils at a far higher temperature than 
methane, despite almost identical molecular weights. This is because 
the intensity of the fields of force around the methane molecule is low, 
whereas around the water molecule it is high. In other words, the former 
is inert and nonpolar, whereas the latter is active and highly polar. 
This point of view is fully confirmed by the chemical and physical char- 
acteristics of the two compounds. A similar approach offers a clear, 
qualitative explanation of the viscosity characteristics of pure liquids 
and of the behavior of liquids in general. 

These attractive forces in the neighborhood of the molecular surface 
are capable of holding together not only similar, but also dissimilar 
molecules. Because of them there is undoubtedly a high degree of loose 
combination or association of the molecules of solvent and solute, par- 
ticularly with solutions in polar liquids. This is the phenomenon some- 
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times called solvation. It explains the well recognized hydration of 
electrolytes in aqueous solutions, is the cause of solvent of crystallization, 
and probably is the fundamental reason for the swelling of high molecular 
weight, amorphous solids in solvents. These forces also explain many of 
the phenomena of adsorption, such as gases on activated carbon, the 
concentration of materials of high molecular weight on the surfaces of 
liquids, the action of so-called protective colloids on the stability of 
suspensions and emulsions, and the like. 


CHARACTERISTICS OF CLAY SUSPENSIONS 


These points of view place one in a position to explain many of the 
otherwise confusing characteristics of clay suspensions. The ultimate 
clay particles can be assumed to be excessively small flat plates. The 
water of chemical hydration is certainly present as hydroxyl groups, 
many, if not most, of which are on the external surface of the particle. 
The plates themselves probably consist at least in some degree of alternate 
layers of alumina and silica, bonded together through oxygen valence 
bridges. Perhaps in certain clays the outer layers are silica and in others 
alumina, a difference that might explain some of the differences in 
behavior encountered. In any event, the hydroxyl groups on the 
surface of the particle possess two important characteristics: first, they 
are highly polar, that is, around them exist strong fields of attractive 
force; and second, they are amphoteric, though predominantly acidic, 
ie., their hydrogens are readily replaceable by metal. This is what is 
meant by the description of the particles as ‘clay acids.” Thus, while 
clays contain predominantly silica, alumina and chemically combined 
water, various other metallic constituents are present. These are 
chiefly the alkali and alkaline earth metals, and sometimes small amounts 
of iron. That these constituents are not a fundamental part of the clay 
structure is shown by the fact that they can be removed or replaced 
by suitable treatment, leaving the clay particle practically unchanged. 
Thus, it is possible to remove the sodium and caleium by prolonging 
washing of the clay with strong mineral acid. Furthermore, by washing 
the clay with a strong salt solution, one can replace a large fraction of 
the calcium by sodium. This last phenomenon, known as base exchange, 
is apparently a mass-action effect, since the amount of metallic con- 
stituent replaced depends upon the concentration of the salt solution 
employed. An even clearer insight into these phenomena is obtained 
by producing a so-called acid clay—removing the sodium and calcium by 
treatment with strong acid—and then, after removing the excess of acid, 
titrating the suspended acid clay with alkali. The clay picks up alkali, 
as a weak, high molecular weight acid. In fact, the titration curve 
(equivalents of base added per unit weight of clay against the pH of 
the suspension) resembles that of a weak, dibasic acid; in this way 
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the equivalent weight of the clay can be determined, the values ranging 
in the thousands. ; 

Because of the polar character of the surface radicals, the particles 
attract each other; because of the flatness of their surfaces, when the 
particles are located close together, face to face, the total attractive 
force between them is considerable and their aggregation correspondingly 
stable. Consequently, one can build up in the suspension relatively 
large and long agglomerates, consisting of a series of overlapping plates. 
These agglomerates in any event induce in the suspension an abnormally 
high viscosity in relation to the volume percentage of the particles 
present. Furthermore, if the aggregation goes far enough, it can build up 
in the suspension a ‘‘brush heap” structure sufficient to convert the 
suspension into a gel. On the other hand, these agglomerates are not so 
firmly held together that they cannot be disintegrated. This can be 
achieved even by mechanical means; indeed, by the moderate agitation - 
accompanying the determination of viscosity itself. This explains the 
general shape of the r-p.m.-torque curve; as, for example, in curves 2, 3 
and 4 of Fig. 1. Violent agitation can break up the agglomerates com- 
pletely, but a certain time is necessary for the disintegration. Once 
broken up, re-agglomeration is slow because it can occur only as the 
particles, agitated in Brownian movement by the impacts of the solvent 
molecules around them, fortuitously arrange themselves in close proxim- 
ity, face to face. However, in time this will occur, thus giving an 
explanation of the thixotropic properties of clay suspensions. 

The behavior of a clay suspension depends, however, not only on the 
shape and the size of the particle but also on the character of the surface 
and the intensity of the surface forces. Because the surface is acidic, 
its hydrogens can be replaced by various metals, resulting in profound 
transformation of the surface character. The clay acids are excessively 
weak, that is, the dissociation of the hydrogens is extremely small, so 
that the uncombined surface consists of the highly polar hydroxyl groups, 
closely held. Consequently, the intensity of the surface attractions is 
high and particle agglomerates, once formed, extremely stable. This 
results in a high yield point. 

If, however, the clay acid is allowed to react with metal, the hydrogen 
of the surface is replaced by metal ion. This ion, in analogy with the 
behavior of the salts of all weak acids, has a far greater tendency to 
dissociate than the hydrogen of the acid itself. In other words, the metal 
ion, while held relatively closely to the face of the clay particle, is none 
the less much farther from the surface than the hydrogen ion that is 
replaced. Consequently, the surfaces of adjacent particles cannot 
approach as closely as before and are held together by correspondingly 
smaller forces. There is, therefore, less tendency for agglomerates to 
form and they are more readily disintegrated when formed. Hence 
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yield point falls. Furthermore, since the volumetric changes due to 
these changes in surface structure must be small in comparison with the 
total volume of the particles, the mobility, determined as it is pre- 
dominantly by the volume per cent of the suspension, is relatively little 
affected. Consequently, the viscosity of the suspension drops greatly. 
If now, instead of adding base to raise the pH and replace the hydrogens, 
one adds strong mineral acid, one would expect the amphoteric clay sur- 
face to react as a base, again giving a decrease in yield point for reasons 
analogous to those discussed above. In other words, one would expect 
to find a maximum yield point and, furthermore, this maximum should 
be on the acid side of neutrality; i.e., at a pH considerably below 7, since 
the amphoteric clay is undoubtedly more acidic than basic. That 
exactly this happens is clear from inspection of Fig. 5, which shows a 
marked maximum in yield point at a pH of about 5. The rise in yield 
point at the right of the diagram may perhaps be due to depression 
of ionization in the extremely concentrated alkaline solutions in question. 
The reasons for mobility high in strongly acid solutions and low in strong 
alkalis is not clear. 

However, one must consider also the nature of the metallic ion, 
particularly its valence. With increasing valence the average distance 
of the metal ion from the acid surface is greatly decreased.? This results 


2 Consider the following analysis, which, though quantitative in form, is numeri- 
eally only approximate. The metal ion capable of dissociation is undoubtedly driven 
away from the immediate neighborhood of the negative charge of the radical left on 
the surface of the clay predominantly by the impacts of surrounding water molecules. 
The kinetic theory indicates that the average magnitude of these impacts depends 
only on the temperature. The energy of impact will displace the ion a distance from 
the surface just sufficient to absorb the impact energy through the work done against 
the forces of electrostatic attraction pulling the ion back to the surface. Calling the 
intensity of this force f and the distance the ion moves dL, the energy expended per 
ion against the attractive forces should be w = SfdL. If c represents the valence of 
the ion, a the proportionality constant of Coulomb’s law, and 6 the charge of a single 


i 1 1 
electron, substituting and integrating w = ke(z. — it): where k = ab andf = ab/L?, 


and the distance of closest approach of the metal ion to the surface is Lo. The average 
distance of the metal ion from the surface is unknown, but for purposes of comparison 
assume it to be, in the case of a monovalent metal ion, four times the distance of 
closest approach; i.e., L = 4Lo. Substituting in the equation, w/k = : Hal whence 
the equation becomes Zz =1- 2. For a divalent fOM Ct Dee ae? and for a 
trivalent ion, c = 3, L = 4L0/3. The average displacement from the closest position 
expressed in terms of the closest approach is (L — In)/Lo. For a monovalent metal 
ion this is 3; for a divalent, 0.6; and for a trivalent, 0.33. In other words, the dis- 
placement of a divalent ion from the surface is only one-fifth that of the monovalent 
ion and this in turn only about one-half that of the trivalent. While the figures are ~ 
certainly not quantitative, there is no reason to doubt their relative significance, 
Thus, these relationships are undoubtedly a predominant factor in causing the very 


low solubility of salts of the polyvalent-polyvalent type. 
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in increase in the intensity of the attractive forces and hence raises 


adhesion. ‘This effect is beautifully illustrated by the data of Fig. 8, — 


which shows the influence on the yield point of an acidic china clay of 
additions of sodium sulfate and calcium chloride respectively. The yield 
point is greatly depressed by the sodium sulfate, at first rapidly and then 
more slowly and reduced to a lesser degree by the calcium chloride. 
The diagram also indicates the corresponding changes in pH, though these 
are not sufficient to be significant. The influence of ferric chloride is 
shown in Fig. 7; this, unfortunately, is on another clay of low initial 
yield point, but it is seen that the trivalent salt produces initially a very 


YIELD POINT (ARBITRARY UNITS) 


MILLIEQUIVALENTS OF ELECTROLYTE 
Fie. 8.—EFFrect oF ELECTROLYTES ON YIELD POINT AND PH OF A CLAY SUSPENSION. 


great increase in yield point, which then goes through a maximum, but 
the lowest value attained is still far higher than that of the original clay. 
Study of the data would indicate that, while monovalent metal greatly 
reduces the intensity of the surface attractive forces, divalent metal also 
reduces it, though to a lesser degree. Trivalent metal, on the other hand, 
apparently increases the attraction, although it is not known what metals 
were initially on the surface of the particles of the clay of Fig. 7. Effects 
of this sort, due to the complicated phenomena of base exchange which 
are always occurring when a clay is brought into contact with salt 
solutions, are undoubtedly of extraordinary importance, but all too 
little is known about them. Apparently they have not been studied 
systematically in the light of an adequate understanding of the mecha- 
nism involved. Thus, the velocities of base exchange are often extremely 
low, and changes in properties otherwise unsuspected with escape notice 
unless this factor is kept in mind. 

The character of the surface of the particle can be profoundly influ- 
enced in other ways. Thus, a clay whose yield point has been brought 
down by adjusting the pH to a value of 11 can be still further reduced 
by the addition of tannic acid (see Fig. 6). The mechanism of this 


W. K. LEWIS, LOMBARD SQUIRES AND W. I. THOMPSON 49 


effect has not been demonstrated. It may be due in part to the conver- 
sion of a calcium or magnesium clay to a sodium type by preciptation 
of the alkaline metal as tannate. It seems probable that a more impor- 
tant factor is the absorption of tannic acid on the surface of a clay 
particle as a protective colloid. It is not improbable that the mechanism 
of this absorption is the combination of the tannic acid with the clay 
surface through a bridge of divalent metal ion. Whatever the mecha- 
nism of absorption, the protective colloid on the surface greatly reduces 
the effect of the attractive forces, and consequently the tendency to 
particle adhesion, resulting in almost complete disappearance of yield 
point. An entirely similar effect is shown by phosphoric acid, but the 
pH of maximum effectiveness of this addition agent is about 6.5, far 
lower than the corresponding value for tannic acid. Furthermore, with 
most clays the maximum result is secured only when the phosphoric acid 
is added at still lower pH values and the pH then adjusted by adding 
alkali. The mechanism is probably analogous to that in the case of 
tannic acid. That the tannic acid does not function primarily as a high 
molecular weight colloid is indicated by the high pH required to make it 
effective. In these strongly alkaline solutions tannic acid exists largely 
in the ionic state and with relatively low molecular weight; at low values 
of pH, where this acid exists as a colloid of high molecular weight, it is 
ineffective in modifying the mobility and yield-point characteristics of 
clay (Fig. 6). 


DIFFERENCES IN CLAYS 


The preceding discussion has dealt mainly with the influence of 
modification of conditions on the characteristics of a given clay. All 
too little is known of the causes of the extraordinary differences between 
different clays. Undoubtedly, particle size is a major factor, the finer the 
particle the more plastic the clay, but it seems impossible to ascribe all 
the differences to this single cause. The silica-alumina ration is probably 
a factor, the indications being that the highly siliceous clays are the more 
colloidal, perhaps due to a more outstanding acidic character. As 
already indicated, it may well be that some clays, perhaps even clays 
relatively high in silica, have surface layers that are predominantly 
alumina. This should, of ‘course, depress the acidity of the clay and 
render it more inert. Particle shape may be animportant factor. Thus, 
the fact that ground quartz shows no yield point is probably due to 
roughly cubical particles, which can have relatively small mutual areas 
of contact. Mica, with its cleavage planes, gives a considerably greater 
yield point (Fig. 1). Even ground silica gel, in contradistinction to 
ground quartz, shows a decided yield point; in view of its method of 
formation and its properties, one would expect it to have a large surface 
area, which should still persist in some degree even in the ground material. 
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It is not impossible that the particles of some clays are decidedly rounded, 
so that they touch in suspension predominantly in point rather than 
surface contacts, whereas others with the plate shape highly developed 
have the corresponding possibility of forming large, stable agglomerates. 
The data indicate that the finer clays gel more slowly but develop 
stronger structures, in keeping with the explanations here offered. The 
small particles are attracted by relatively weak forces which, until the 
particles have finally located themselves face to face, are opposed by 
the Brownian vibrations induced by the impacts of solute molecules. A 
considerable time interval is required, therefore, for the final develop- 
ment of agglomerate structure. Larger particles, because of the larger 
surface areas available, are attracted by larger forces and the interference 
to the associating action of these forces by Brownian vibration is a 
minimum. However, thoroughgoing experimental investigation of all 
these factors is extremely desirable. 

While the characteristics of clay muds can be understood only in 
the light of a thorough appreciation of their behavior as colloids, a word 
of warning is necessary against the danger of drawing unjustifiable com- 
parisons between the clays and many other colloidal materials. Thus, 
there are striking parallelisms between clay suspensions and gelatin 
solutions. Both are colloidal. Both exhibit Brownian movement. 
Both are highly viscous. Both set under proper conditions to strong 
and stable gels. The colloidal properties of both are profoundly influ- 


enced by the hydrogen-ion concentration (pH), showing in each case 
marked maxima and minima at definite pH values. The two are 


similarly affected by electrolytes, though in different degrees. Despite 
these parallelisms, the differences are fundamental. The outstanding 
distinction between the two types is found in the fact that in low con- 
centrations, materials of the clay type have high and those of the gelatine 
type may have low mobility, relative to the fluidity of the solvent. 
Again, while gelatin is water soluble, it is highly resistant to most organic 
solvents. It is completely unaffected by hydrocarbon liquids, and is 
precipitated from aqueous solutions by alcohol and similar organic sol- 
vents miscible in water. The addition of small amounts of these pre- 
cipitants results in a marked decrease in viscosity of the gelatin solution. 
Clay, on the other hand, is plasticized not only by the water but by these 
very organic solvents that precipitate gelatin (see Fig. 4). Indeed, 
using yield point as a measure of plasticization, the organic liquids are 
more effective than water itself. Furthermore, it is possible to reduce 
the yield point of a clay suspension to a negligible value (by treatment 
with tannic acid at suitable pH), but such treatment changes the mobility 
little (Fig. 3), and the viscosity of the suspension is influenced but 
slightly by the method of breaking the yield point by other conditions, 
so long as the yield point is low. Gelatin solutions also show a yield 
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point under proper conditions and this yield point can be reduced to a 
negligible value; e.g., either by agitation or rise in temperature. How- 
ever, here the attale gy ends, because there is a large change in mobility 
with drop in yield point and the viscosities of solutions of zero yield 
point are profoundly influenced by variation in conditions; e.g., pH. 
Solutions of the type of gelatin in water and rubber in suitable organic 
solvents, when not too concentrated, show a dy gelation temperature, 
below which they will set to a gel 
but above which they do not. 
Such solutions in general show 
no. yield point at temperatures 
above their gel point, but at 
these temperatures their viscosi- 
ties can be profoundly influenced 
by addition agents and at these 
temperatures if their viscosity- 
temperature curve is extrapolated 3 
downward itapproachesaninfinite © 
value of the viscosity asymptoti- | 
cally at the gel point; or, what is 
equivalent to the same thing, the 
fluidity becomes zero at that tem- 
perature. In other words, the 
temperature of gelation can be 
predicted in some cases remark- 
ably closely from viscosity behav- TE Lee eT 

ior at higher temperatures. The Fig. 9—EFFECT OF TEMPERATURE AND 
changes in properties in the imme- ecg rete aes was ON A 20 PER CENT 
diate neighborhood of the gel 

temperature are extraordinarily rapid. Thus, Fig. 9 shows the r.p.m.- 
torque curve of a gelatin solution at 30° C., and the corresponding values 
for the same solution agitated for different lengths of time before testing 
at 27° C. The gel point of this solution was 28° C. The transforma- 
tion in the properties of the liquid in this narrow temperature range 
was extraordinary. 

These outstanding differences apparently are due to the fact that, 
whereas the combination of solvent with the surface of the clay particles 
is slight, the corresponding solvation of such amorphous colloids as 
gelatin and rubber is enormous. The particles of the latter combine 
with the solvent and swell in extraordinary degree, thereby developing 
high viscosity at very low concentration. Furthermore, the extent of 
this solvation is profoundly influenced by the temperature, increasing 
as temperature falls. If the solution is sufficiently concentrated, a 
temperature is finally reached at which the solute has combined with 
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practically all the solvent. The particles themselves now fill the whole 
volume of the liquid and consequently tend to set to a structure; i.e., 
to gelatinize. In the case of amphoteric materials such as gelatin, the 
degree of solvation and hence the viscosity of the solution is profoundly 
influenced by the pH. In any case, the addition of nonsolvent miscible 
with the solvent desolvates the particles, breaks the viscosity and ulti- 
mately will precipitate the colloid. None of these phenomena are 
encountered in clay suspensions. In other words, the behavior of clay 
suspensions must never be confused with that of solutions of amorphous 
colloidal materials of high molecular weight, which solvate to high 
degree in solution. 


BEHAVIOR OF CLAY SUSPENSIONS 


In conclusion, it is hoped that this discussion has made it clear that 
extremely simple assumptions, themselves plausible in the light of all 
our knowledge of the structure of the clays, are adequate to serve as a 
thread through the complicated maze of the behavior of clay suspensions. 
These underlying assumptions are that the ultimate particles of the 
clays are extremely small, flat plates, the exterior surfaces of which 
consist predominantly of hydroxyl groups, chemically combined with the 
surface atoms of the particle structure. As is to be anticipated from the 
chemical characteristics of the alumina and silica of which the particles 
are built up, these surface hydroxyl groups are amphoteric but pre- 
dominantly acidic, the acid character being extremely weak. In conse- 
quence, the highly polar hydroxyl groups exert strong fields of attractive 
force in the immediate neighborhood of the particle surface. Therefore, 
when adjacent surfaces come face to face they are firmly held together 
and thus are able to build up large, stable, essentially linear aggregates. 
This results in strong tendency to gelation. The acidic clay surface is 
profoundly influenced by the pH of the suspending medium. The 
hydrogens of the hydroxyl groups can be replaced by metals and these 
in turn are capable of complicated interchange. The monovalent 
metal salts of the clay acids are evidently highly ‘dissociated,’ thereby 
greatly decreasing the intensity of the surface attractions. Increasing 
valence of the combined metal ions progressively decreases this effect. 
It is possible to separate the surfaces and reduce their mutual attractions 
by the absorption of various materials, but these effects appear to be 
chemical in character rather than the simple adsorption of protective 
colloids of the ordinary type. The solvation of clay particles is evidently 
a matter of secondary importance, order of magnitude less than that of 
the lyophilic colloids of the type of gelatin, rubber and the like. . While 
our knowledge of the clays is seriously limited, the data indicate that 
a study of their behavior from the points of view developed here offers 
justifiable promise of a better understanding of their characteristics and a 
more satisfactory classification of-their properties. 


Some Factors Affecting the Viscosity of Rotary Muds 


By W. H. BurKke* 


(Tulsa Meeting, October, 1934) 


Deeper drilling, resulting in greater circulating distance and pres- 
sure, has directed attention to the advantages of the study of properties 
and control of rotary muds, which until recently have not had much 
consideration. One fundamental property of muds is viscosity, and 
viscosity is influenced by the quantity and character of colloidal material 
and can be controlled by chemical treatment. 


CoLLomipaAL Marrrer or Rotary Mups 


Two types of colloids are found in muds; the hydrophobic and the 
hydrophilic. Hydrophobic colloids do not associate intimately with 
water and are sensitive to small quantities of electrolytes. Hydro- 
philic colloids associate intimately with water, but are not so sensitive 
to electrolytes. The colloidal particles of rotary muds are derived from 
clay. In clay the particles may range in size from submicroscopic to 
macroscopic; a substance is a clay if the greater proportion of the particles 
are within the size limits prescribed for clay. The larger particles 
are inert and have no effect on the viscosity of normal hydrophobic 
colloidal muds. 

There are two theories accounting for the colloidal properties of clay- 
water suspensions: (1) the physical theory, that clay in water is a coarse 
colloidal suspension, and (2) Ashley’s' theory, that clay is a granular 
material with a colloidal gel surrounding the crystalline grains. The most 
important colloidal substances known to exist in clays besides the clay 
particles are: (1) colloidal silica, (2) colloidal alumina, (3) colloidal ferric 
hydroxide, (4) colloidal silicates, and (5) colloidal organic matter. 

Plasticity, a peculiar property of clay-water suspensions, is due to 
the colloidal particles. It is commonly (although not with strict accu- 
racy) measured in terms of viscosity, and depends upon the amount and 
the state of flocculation of the colloidal matter present in the suspension. 
Fluidity in a rotary mud may be caused by a lack of colloidal clay particles 
or by deflocculated or flocculated clay particles, while viscosity in a 


* Shell Petroleum Corporation, McPherson, Kansas. 
1H. E. Ashley: The Colloidal Matter of Clay and Its Measurement. U-S. 


Geol. Survey Bull. 388 (1909). 
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rotary mud may result from an excess of clay colloids or from clay 
colloids flocculated to some degree. In effect, the viscosity of a mud is 
intimately related to the size distribution of its particles. 


CoRRELATION OF PARTICLE Si1zES AND Viscosity OF RoTARY 
Mups 


The relationship between the particle size distribution and viscosity . 
was determined by sedimentation and viscosity tests with several 
California mud materials (Wilmington Slough clay, Frazier Mountain 
clay, Kettleman Hills clay, and a Long Beach rotary mud. The Long 
Beach mud was made originally from Wilmington Slough clay). ‘ 

Viscosity tests were made with a Stormer viscosimeter, which had 
been calibrated for motivating weights ranging from 8.8 to 517.3 grams. 
By varying the motivating weights it was possible to determine the 
viscosity of the muds at different shear rates. The percentage of particles 
by weight lying between the limits of 1 and 10 microns was determined 
from the sedimentation tests?. Curves derived from sedimentation tests 
are shown in Fig. 1. From these curves the distribution of particle size in 
the mud materials was computed (Fig. 2). Table 1 lists the percentage 
distribution of the particles. 


TABLE 1.—PERCENTAGE PARTICLE S1zE DISTRIBUTION BY 
WEIGHT 


Diameter, Microns 


Clay Per 
Greater Between | Between | Between Less Cent 
than 10 5 and 10 2 and 5 land 2 |than 1 


Wilmington Slough........... 2.5 1.5 11 17 68 100 
Frazier Mountain............. 9 9 25.5 25.5 31 100 
Long*Beseht Fieve. pose 47 6 15.5 21 10.5] 100 
Kettleman Hills..=.......... 89.5 1 6 3.5 0 100 . 


The relation of the colloidal content and viscosity of the mud mate- 
rials can be seen by comparing the cumulative curves in Fig. 2 with the 
viscosity curves in Fig. 3. Further comparisons can be made by referring 
to Figs. 4 to 10. Those muds having the greatest percentage of small 
particles also have the highest viscosities. An exception is the Wilming- 
ton Slough mud, due to the hydrophilic colloidal material, probably 
humus, present in the mud in addition to the normal hydrophobic clay 
colloids. Hydrophilic colloids make the mud largely resistant to the 


flocculating influences that are so troublesome with the ordinary hydro- 
phobic muds. ; 


?F. G. Tickell: The Examination of Fragmental Rocks. Stanford University 
Press, 1931. 
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CHEMICAL TREATMENT oF Rotary Mups to AFFECT VISCOSITIES 


Chemical treatment is generally applied to a rotary mud to increase 
or decrease viscosity. The methods fall into two classifications: (1) 


ong Beach Clay 


: Frazier Mountain Clay 
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Fig. 1.—CuUMULATIVE CURVES DERIVED FROM SEDIMENTATION TESTS. 
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Fig. 2.—CuUMULATIVE CURVES SHOWING PERCENTAGE PARTICLE-SIZE DISTRIBUTION 
BY WEIGHT, BASED UPON SEDIMENTATION TESTS. 


treatment with electrolytes, and (2) treatment with both colloids and 
electrolytes. ‘Treatment with electrolytes is used either to increase or 
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decrease viscosity, while the treatment with both colloids and electrolytes 
usually is applied only to decrease viscosity. Usually, an untreated 
rotary mud will react as a negatively charged hydrophobic colloidal 
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Fig. 3.— RELATIVE VISCOSITIES AT APPROXIMATELY EQUAL PH VALUES. 


suspension, and the colloidal particles of the mud will be capable of both 
ionic and colloidal adsorption. This property makes possible the reduc- 


50 


l20 


% 


By Wemht pH Value 
10.45 


iS 


Viscosity — Centipo/ses 
g 


8 


Rate of Shear - Grams Motivating Weight with Stormer Viscesimets- 
Fia. 4— Viscosity CURVES FOR WILMINGTON SLOUGH MUD. 


tion or increase in viscosity. If the mud is sensitive to small quantities of 
electrolytes it ordinarily will exhibit flocculation and deflocculation. 

The results of treating hydrophobic rotary muds with electrolytes 
depend upon the effect produced on the electrical charge surrounding 


W. H. BURKE 57 


each colloidal particle. This electrical charge, known as the electrokinetic 
potential, normally depends upon the charge of the adsorbed ion. Clay 
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Fig. 5.—VISCOSITY CURVES FOR FRAZIER MOUNTAIN MUD. 


colloids usually are negatively charged in an aqueous suspension and the 
adsorption of anions will impart an increased negative charge until the 
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Fig. 6.—VIscosity CURVES FOR Lona BEACH MUD. 


effect of the cations is felt, and then the electrokinetic potential is 
decreased as the concentration of the electrolyte is further increased. 
Thus, when the colloidal particles of a mud are subjected to such electro- 
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lytes as will raise the electrokinetic potential to a maximum value, the 
mud will become deflocculated or stable, and minimum viscosity will be 
obtained. If, however, the concentration of the electrolyte is increased 
so that the influence of the oppositely charged ion is felt, the influence 
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Fig, 7.—VIscosiry CURVES FOR KETTLEMAN HILLS MUD. 


of the adsorbed ion will decrease, the particles will flocculate, and the 
viscosity of the mud will increase. Further concentration of the electro- 
lyte sometimes will cause extreme flocculation with decreased viscosity. 
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These reactions can be illustrated by adding sodium hydroxide to 
a basic mud which is between the isoelectric point and the deflocculation 
point. With the addition of a small quantity of the electrolyte the 
hydroxyl ion will be adsorbed and the electrokinetic potential will be 
increased and, as the concentration of sodium hydroxide is further 
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increased, the hydroxy] ion will increase the potential until the maximum 
potential is reached. Further increase in sodium hydroxide will cause 
a discharging effect on the potential because the influence of the sodium 
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ion is felt. Finally, as the sodium hydroxide concentration becomes 
greater, the potential will become discharged. This effect of sodium 
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Fig. 10.—RELATIVE VISCOSITIES AT SAME SHEAR ‘RATE VS. VARYING PH VALUES. 


hydroxide on the electrokinetic potential is reflected in the viscosity 
of the mud as follows: a slight increase in potential will lower the vis- 
cosity; at the maximum potential the viscosity will be a minimum; with 
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a decreasing potential the viscosity will increase to high values; and, 
finally, as the potential becomes discharged the viscosity will sometimes 
decrease rapidly. The decrease in viscosity with high electrolytic 
concentrations is caused by the complete flocculation of the colloidal 
particles of the mud. There is then no tendency for the particles to 
attract one another; in fact, they are then in masses, and because of 
this segregation are not able to remain suspended. The result is that 
the mud reacts somewhat like a fluid and large quantities of water are 
formed at the surface after a short period of quiescence. 

Simple tests illustrating these processes were made on California 
muds, of which the results are shown in Figs. 4 to 8. Fig. 10 shows the 
results of the viscosity tests at a shear rate of 10 revolutions per second 
of the rotor of the Stormer viscosimeter plotted against pH values 
obtained with sodium hydroxide. 

A mud containing positively charged colloidal particles is not desirable 
because of the possibility of metallic corrosion. However, it should be 
possible to deflocculate a rotary mud with cations. Ambrose and 
Loomis’? measured the viscosities of bentonitic suspensions ranging from 
pH values of about 1 to 13. They did not obtain a marked minimum 
viscosity for an acidic suspension, although they did observe a decrease 
in viscosity at the isoelectric point. 

The discharging effect of the cation on the maximum potential 
depends to a great extent upon the adsorbed anion and upon the activity 
of the cation. The maximum potential obtained does not depend upon 
the preferential adsorption of the anion. The cation makes itself felt 
from the start, and with the strongly active cations, such as the multi- 
valent ones, the maximum potential becomes only a slight inflection. 
The hydroxyl ion, the ferrocyanide ion, the picrate ion, and the anions 
of many organic sulfonic acids have strong ability to establish a maximum 
potentialt. A maximum potential cannot be maintained with the 
hydroxyl] ion as with the tetravalent ferrocyanide ion, because the former 
is monovalent. The potential is subject to the influence of the cor- 
responding cation with the hydroxyl ion, while the corresponding cation 
of the ferrocyanide ion has little effect. 

A partial index to the state of flocculation of a mud is its pH value, 
but as this value has no meaning if an electrolyte of a neutral salt, such 
as sodium chloride, is present in the suspension, it is important to state 
the electrolyte in the suspension when reporting the pH value of a 
mud. For example, the same state of flocculation may be obtained at a 
lower pH value with sodium carbonate than with sodium hydroxide 


*H. A. Ambrose and A. F. Loomis: Some Colloidal Properties of Bentonite 
Suspensions. Physics (1931) 1, No. 2. 

4H. A. Freundlich: Colloid and Capillary Chemistry, 258. New York, 1922. 
KE. P. Dutton and Co. 
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because of the differences in the dissociation constants of the two bases. 
Generally, however, the pH value of a mud is an indication of its degree 
of flocculation. Bie. 8 and 9 show that the viscosities of Wilmington | 
Slough and Frazier Mountain muds were reduced by the addition of 
sodium chloride. The pH values were not greatly affected. 

Treatment with colloids is perhaps the most interesting phase of the 
chemical treatment of rotary muds. The process appears to consist 
in changing the colloids of the mud from hydrophobic to hydrophilic, 
thus reducing the effect of the contaminating electrolytes. It is probable 
that the added hydrophilic colloids surround or protect the more 
sensitive clay colloids. 

The hydrophilic colloids have two conditions of stability in contrast 
with one for the hydrophobic colloids. Both classes have a stability 
condition dependent upon the electrical charge carried by the particles. 
The hydrophilic colloids, in addition, have a stability condition due to the 
solvated condition of the particles. Thus, because of the apparent 
readiness of the surrounding or protecting action, and because of the two 
conditions of stability of the hydrophilic colloids, it is usually possible 
to control the viscosity of the mud by adding the hydrophilic colloids. 
The ability of these hydrophilic colloids to decrease in viscosity with 
increase in concentration of electrolytes and yet remain stable makes them 
valuable in mud work. Im general, as the concentration of certain 
electrolytes increases, the viscosity of hydrophilic colloidal suspensions 
decreases, and the suspensions will remain stable up to salting-out points. 

Tannin is the most commonly used of the hydrophilic colloids in 
mud work. Quebracho crystals are a very good source, the tannin 
content being about 80 per cent. Lawton, Ambrose, and Loomis® found 
peat, chestnut extract, sulfite waste liquor, sap brown, spent liquor, 
tannic acid or humic acid, when mixed with caustic soda, effective in 
reducing the viscosity of Pierce Junction rotary mud. They found 
tannic acid or humic acid alone not so effective as when used with 
caustic soda. 


SUMMARY 


The viscosity of a rotary mud depends upon the amount of the 
colloidal content and the character and state of flocculation of the 
colloidal matter. Viscosity may be due to an excess of clay colloids or 
to clay colloids flocculated to some degree. Fluidity of a mud may 
be caused by absence of clay colloids, by flocculated or deflocculated clay 
colloids, or by the presence of proper hydrophilic colloidal matter. 


5 H. C. Lawton, H. A. Ambrose and A. G. Loomis: Chemical Treatment of Rotary 
Drilling Fluids. Physics (1932) 2, No. 5. 


Effects of Temperature, Pressure and Water-cement 
Ratio on the Setting Time and Strength 
of Cement 


By B. C. Crart,* Memser A.I.M.E., T. J. Jonnson{ anp H. L. Kirxpatrickt 


(Tulsa Meeting, October, 1934) 


PETROLEUM engineers are displaying considerable interest in the 
problems of cementing oil wells, especially in the Gulf Coast and Cali- 
fornia areas, where steep temperature gradients are encountered and 
where wells are being drilled to greater depths. Deep drilling, that is, at 
depths in excess of 7000 ft., has been undertaken in these areas only 
in the last few years and with this trend oil-well cementing requires 
more technical treatment. 

It is not the purpose of this paper to describe the scope and application 
of cement operations in the oil industry or to give the standard specifica- 
tions, methods of sampling and testing of portland cement. The various 
testing methods have been described by the American Society for Testing 
Materials', Uren?, Tickell and Wankowski*® and Rakestraw and Parsons‘. 
The latter authors (pp. 50-58) have also described in detail the methods 
of cementing. 

The authors realize that it is impossible to reproduce in the laboratory 
the scale of forces and dimensions that exist at great depths, but an 
attempt has been made to scale down these dimensions proportionally. 
The selection of problems to be studied was based largely upon the 
practical questions asked by several of the largest operators in these 
fields. All cements used in these experiments met the specifications of 
the American Society for Testing Materials. 


Manuscript received at the office of the Institute Oct. 12, 1934. 

* Assistant Professor of Petroleum Engineering,. Louisiana State University, 
Baton Rouge, La. 

{ Louisiana State University, cooperative project with the Graduate School. 

1 Standard Specifications for Natural Cements. A.S.T.M. Designations: C 10-09, 
C 9-30, C 77-32. Amer. Soc. Test. Mat. (1933). 

*L, C. Uren: Various Methods of Testing Portland Cement for Oil Field Purposes. 
Oil Field Eng. (1927) 2, No. 5, 31-36. 

‘FP. G. Tickell and V. O. Wankowski: Oil Well Cements—The Effects of Pressure 
on Their Physical and Mechanical Properties. Oil Field Eng. (1928) 4, No. 3, 16. 

‘4T. H. Rakestraw and C. P. Parsons: Current Oil Well Cementing Practice. 
Petr. Eng. Handbook, 2d ed., 48. Los Angeles, 1931. Palmer Publications, Inc. 
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Series I.—Errecr or WATER-cEMENT RATIO ON SETTING 
OF CEMENT In Lona CoLuMNS 


The laboratory apparatus for this experiment consisted of 16 ft. of 
1-in. glass tubing mounted on a plank. Various mixes of neat cement 
slurry varying from 40 to 60 per cent water by weight were poured into 
the tubing and allowed to approach initial set. A slurry having 50 per 
cent of water by weight or having a density of 112.99 Ib. per cu. ft. 
formed a solid cement plug. This was also true of all mixes of less than 
50 per cent or weighing more than 15.09 lb. per gallon. Mixes weighing 
less than 15.09 Ib. per gallon separated into cylinders of neat cement 
from 6 in. to 4 ft. long, separated by horizontal breaks of clear water 
from }4 to }4 in. high. The results obtained in the lower part of the 
tube with a 55 per cent mix are given in Table 1. The horizontal breaks 


TaBLE 1.—Horizontal Breaks in Cement Column Using 55 Per Cent Mix* 


Distance from 
Bottom of Glass Thickness of Water 
Tubing to Water ayer, In. 
Layer 


Distance from Bottom 
of Glass Tubing to Water 
Layer 


Thickness of Water 
Layer, In. 


Ft. 


* Sample placed in glass tubing at 2.25 p.m.; measurements taken at 3 p.m. 


in the cement developed about 15 minutes after the cement was placed in 
the glass tubing. During the formation of the breaks, movement of water 
was observed along the side of the tube up into the clear water areas. 

This action may be explained by the fact that thin solutions of water 
and cement behave as colloidal solutions, the heavier cement particles 
having a tendency to settle out before hydration of the cement takes 
place. The heavier and more viscous mixes do not show this tendency 
because of the greater concentration of solids. It is believed that 
pressure plays a very small part in this behavior, as separations took 
place at rather regular intervals from the bottom to the top of the tube. 
Failures in plugging off bottom water and plugging back to shallow sands 
may be due to the use of too light a mix in these operations. 


Series I].—Errect or TEMPERATURE AND WATER-CEMENT RatTIo 
oN Time oF INITIAL SET AND COMPRESSIVE STRENGTH 


That the setting time of portland cement is greatly influenced by 
both temperature and water-cement ratio has been shown by Uren, 
Rakestraw and Parsons, Backman and others. The work of these 
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experimenters” is particularly interesting because they illustrate the 
general effects due to change of the variables, 

In order to compare the setting time and compressive strength of 
neat portland cement with high-early-strength cement and with water- 
cement ratios satisfactory for general oil well work, a series of experiments 
was conducted. The apparatus consisted of a small bath equipped with 
a 250-watt heating element, thermostatic temperature control, an 
electric stirrer and thermometer. With this equipment it was possible 
to keep the water in the bath at a constant temperature for any desired 


TaBLe 2.—Effect of Temperature and Water-cement Ratio on 
Time of Initial Set and Compressive Strength with 
Portland and High-early-strength Cement 


High-early-strength Cement Neat Portland Cement 
Compressive Glatt . 
5 aia ae pressive 
Temperature Time for Initial Strength at Time for Initial Strength at 72 Hr 
; Set, Min. 72 Hr., Lb. Set, Min. “e 
Deg. F. , porieas Th. Lb. per Sq. In. 

40% | 50% | 60% | 50% | 60% | 40% | 50% | 60% | 40% | 50% | 60% 
Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix 
130 89 104 125 3230 | 2150 | 130 133 160 3160 | 2205 | 1368 
140 ids 96 114 3270 | 2160 | 121 138 152 3040 | 2060 | 1225 
150 60 69 &2 2520 | 1582 | 106 118 137 3350 | 1960 | 1285 
160 55 64 aid! 2520 | 1541 93 114 126 4100 | 2250 | 1335 
170 50 57 68 2603 | 1810 88 100 119 2645 | 2000 | 1025 
180 38 48 54 2320 | 1598 84 94 105 2300 | 2010 900 
190 28 34 37 1650 | 1248 66 70 87 2280 | 1430 700 
200 18 25 26 1365 810 54 57 75 1550 | 1150 690 
205 uly 24 25 1550 875 49 56 74 1440 970 335 


length of time. The cement was mixed with water at 70° F., agitated 
for three minutes with an electric stirrer and poured into standard 
2 by 4-in. split molds, which in turn were submerged so that the surface 
of the cement was covered by the bath water. It was necessary to seal 
a glass cover plate to the bottom of the molds to prevent leakage. The 
neat cement was allowed to harden to the point of initial and final set, 
these determinations being made by a standard Vicat needle. The 
molds were then removed from the bath and placed in an oven at the same 
temperature as that of the bath and allowed to remain for 72 hr. The 
molds were then removed from the oven, the cement cylinders were 


’L. C. Uren: Petroleum Production Engineering-Development, 2d Ed., 374, 
New York, 1934. McGraw-Hill Book Co. 

‘T. H. Rakestraw and C. P. Parsons: Reference of footnote 4, 48-50. 

7L. F. Backman: Service Data for Oil Well Development. A report circulated by 


the Pacific Portland Cement Co. (1926). Cited by Tickell and Wankowski: Refer- 
ence of footnote 3, 18. 
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extracted, and the compressive strength was determined. It wag 
believed that curing the cement in an oven duplicated as closely as 
possible typical field conditions, because the walls of a well are thoroughly 
mudded before the introduction of cement, which would make them 
quite impermeable to water. Samples cured in water at 780° F. showed 
a relatively lower compressive strength than those cure] in the oven 
at the same temperature. 
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Fig. 1.—EFFEcT OF TEMPERATURE ON TIME OF INITIAL SET. 
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Fig. 2.—EFFECT OF TEMPERATURE ON COMPRESSIVE STRENGTH. 


The results of these tests are shown in Table 2 and Figs. 1 and 2. 
The curves for the effects of temperature on the time of initial set show 
reasonable conformity, except for the high-early-strength cement in the 
region of 190° to 205° F., where the time for initial set is approximately 
the same regardless of increase in temperature. A possible explanation 
of this behavior is that the rate of hydration can be increased only to a 
limited extent, regardless of the temperature or percentage mixture. 
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Cements set at high temperatures develop a flash set, which would 
indicate that the cement should be kept in motion, especially when the 
time required for placing the cement is longer than that required for 
initial set. The slurry maintains nearly a normal consistency within 
five minutes of initial set. Expansion was especially noticeable with 
temperatures above 160° F., the action taking place just before the time 
of initial set. The results obtained from one brand of portland cement 
are given for illustration; however, tests on another brand gave sub- 
stantially the same results. The obvious conclusion from these experi- 
ments was that both temperature and water-cement ratio affect the 
setting time. The curves for the effect of temperature on compressive 
strength (Fig. 2) show that the compressive strength decreases materially 
with a rise in temperature and is also affected by the water-cement 
ratio. The writers are unable to give a reason for the increased strength 
in the region of 160° F. obtained with the neat portland cement, except 
that possibly the hydration is more complete at this temperature. The 
curves for both types of cement are nearly conformable, indicating that 
the same reactions take place regardless of the water-cement ratio. 


Series II]].—Errect or TEMPERATURE AND PRESSURE ON TIME OF 
INITIAL SET AND STRENGTH OF NEAT PoRTLAND CEMENT 


It was considered necessary to determine the effect of temperature 
and pressure on the time of initial set and compressive strength of port- 
land cement, as it was thought that these data would more nearly 
approach actual field conditions. The equipment consisted of a standard 
Vicat apparatus welded to the inside of the autoclave, and so placed that 
when the Vicat needle was in a raised position it was in contact with 
the cement. Connections were made so that the Vicat slide could be 
raised manually by means of a cam on an arm leading through a stuffing 
box to the outside. The cam made contact with a pin in the slide, which 
translated motion to the needle, so that it could be raised exactly 3.5 cm. 
and could fall the same distance. When the cam made contact with the 
pin above 3.5 cm., as indicated by graduations on the cam control, the 
cement had passed initial set. The cement sample was poured into a 
standard 2 by 4-in. split mold, which was placed on a footplate and 
rotated by means of a rod that passed through a stuffing box in the bottom 
plug, so that the needle would penetrate a fresh surface of cement on each 
trial. A 4-in. hydraulic plug was cut and threaded to fit the inside of 
the autoclave at the bottom, and machined with a male on each side of 
which were grooves to receive lead gaskets. A female was machined 
in the bottom of the autoclave to receive the male on the plug. The 
male was seated on a lead gasket fitted in the female, thus forming 
a triple seal. The thermometer well was placed 44 in. above the cement 
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molds. Temperature was controlled by a 500-watt heating element 
placed inside and at the bottom of the autoclave. Later this was replaced 
by four 550-watt heating elements made of nichrome wire wrapped around 
the outside of the autoclave. Water was added and pressure applied 
by means of a duplex hand hydraulic pump using the 144-in. piston 
for pressures up to 1000 lb. and the 5€-in. piston for pressures up to 
6000 pounds. 

The procedure followed in making a test was as follows: The water 
in the pump reservoir was heated to about 20° above the desired tempera- 
ture for the test. With the plug in, the autoclave was filled with water 
and brought to a temperature slightly above that desired. Mixing 
water at 70° F. was then added to the cement and agitated for 3 min. 
Then the plug was removed and the cement mold, covered with a paper 
towel to prevent splashing, was placed on the footplate and the plug 
was screwed into place. The autoclave was again filled with hot water 
and the desired pressure applied. 

The results of some of the tests are shown in Table 3, from which 
the conclusion must be drawn that there is an average decrease in time 
of initial set of 10 min., with temperatures between 130° and 200° F. and 
pressures between 500 and 2500 lb. That pressures above 500 Ib. have 
little effect is shown by the sets obtained at 200° F. with pressures of 
500 and 2500 lb. These results compare favorably with those of Tickell 
and Wankowski®, who found that a pressure of 1500 lb. caused a reduction 
in initial setting time of 30 min. in 7 hours. 

Cement set under pressure for 72 hr. at 180° F. and 2000 lb. pressure 
showed an increase in compressive strength over that set at atmospheric 
conditions of 1660 lb. per sq. in., while that set at 205° F. showed the 
remarkable increase of 3375 lb. per sq. in. Cement set at 250° F. and 
2000 lb. showed practically the same compressive strength as that at 
205° F. These results substantiate the early work of Bell and Grimm’, 
who found that there was an appreciable increase in tensile strength when 
samples were cured in a well at 1650 ft. and compared with those set 
under atmospheric conditions, and compare favorably with the tests 
made by Doherty”. Cements set at 300° and 325° F. under 2000 Ib. 
pressure, while having a low compressive strength, were not porous, 
which was characteristic of cements set at 205° F. under atmospheric 
pressure, indicating that satisfactory cementing operations may be carried 
on under these conditions. ‘Temperatures of 256° F.'! have been recorded 


8F. G. Tickell and V. O. Wankowski: Reference of footnote 3, 18. 

9H. W. Bell and M. W. Grimm: Some Tests on Cement and Cement Accelerators. 
Bull. Amer. Assn. Petr. Geol. (1928) 12, 279-281. 

10 W. T. Doherty: Oil-Well Cementing in the Gulf Coast Area. Amer. Petr. Inst. 


Production Bull. 212, 5. 
11 McCaslin Perennial Starts Flowing After ‘‘Shot.” Petr. World (Feb., 1934) 22, 
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in California fields and reported elsewhere. From laboratory data it 
would be concluded that satisfactory cement may be obtained at these 
temperatures and pressures. 


TasLe 3.—Effect of Temperature and Pressure on Time of I mitial 
Set and Compressive Strength with a 50 Per Cent Slurry . 
of Portland Cement 4 


i 


Atmospheric Results , Hydraulic Results 
Temperature, Deg. F. Time for Roemer carte Time for Cae 
hie] RRP at ae | 2 cee 
130 98 500 87 
140 93 1000 82 
150 79 1500 69 
160 72 | 1500 63 
170 68 2000 60 
180 63 2240 2000 54 . 38950 
180 63 4000 53 3900 
190 60 2000 52 
200 56 2500 45 
200 56 500 44 
205 56 405 2000 43 3780 
205 56 2500 42 
220 b 2500 29 
230 2500 28 
230 2500 27° 
240 2500 28 
250 2000 29 3815 
275 2000 2680 
300 2000 765 
325 2000 760 


« Different sample used from that for which tests are given in Table 2. 
’ Cement boiled out of the mold above 205° F. ¢ Forty per cent slurry. 
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New Type of Dynamometer for Study of Pumping Problems 


By Emory KEMLER* 
(New York Meeting, February, 1935) 


Tue problem of determining the most desirable operating conditions 
of an oil-well pumping unit or rig front, the selection of the proper material 
and size of sucker rods, and the design of a pumping unit require that 
sucker-rod loads be known with a reasonable degree of accuracy. The 
segregation of rig losses, the proper selection and operation of prime mover 
and reduction unit, and the analysis of the operation of subsurface equip- 
ment require a knowledge of polished-rod horsepower. ‘The investigation 
of such problems as the instantaneous stresses set up in a pull-rod line or 
backside crank installation when the well is suddenly hooked on, a study 
of such problems as the effect of anchoring the tubing on rod load, tubing 
stresses and rod horsepower, and an analysis of the effect of subsurface 
equipment on rod loads make it necessary to have a dynamometer that is 
rugged, which can follow the sudden changes in load without any lag or 
damping effect, which will record the load in its true position with respect 
to polished-rod movement, and which will give a card large enough to 
allow the desired effects to be measured accurately. 

The inadequacy of the"spring or fluid-pressure type of dynamometers 
has been covered in detail!. The data given show that dynamometers of 
the spring or fluid-pressure type exert a damping action on the peak loads 
and the inertia and friction of their load-indicating mechanism introduces 
a phase lag in recording the load. A dynamometer of that type will not 
give the load in the correct amount and will not record it in its true posi- 
tion with respect to stroke or time. 


New Tyrer or DYNAMOMETER 


Fig. 1 shows a magnetic strain-gage type of dynamometer, to be 
described in this paper. The strain gage A is used for measuring the 
load in the polished rod, a washer B and knife edge C take care of initial 
misalignment and reduce bending in the compression tube of the strain 
gage. The complete instrument can be transported in the carrying 
case L. ' 

Manuscript received at the office of the Institute Feb. 9, 1935. 

* Engineering Division, Gulf Research & Development Corporation; Assistant 
Professor of Mechanical Engineering, University of Pittsburgh. 

1B. B. Wescott, E. N. Kemler and H. D. Collins: Dynamometers for the Study of 
Pumping Problems. Petr. Engr. (May, 1934) 30 to 36. 
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Fig. 2 shows three types of-strain gages applied to a well. The gage is 


applied by attaching polished-rod clamp G just above the stuffing box. 


The walking beam is then lowered and the load removed from the polished 
rod. Clamp H is removed and the gages are slipped over the polished 
rod. Clamp H is then replaced above the gages, the load picked up, and 
clamp G removed. A string or wire attached to the hanger or walking 
beam is then connected to the stroke-recording mechanism in the recorder 
D. The dynamometer is now ready to record the load. 


Fria. 1—MAGNETIC STRAIN-GAGE DYNAMOMETER. 


A. Strain gage. D. Recorder 
B. Washer. E. Carrying 
C. Knife edge. ype Pus: 


Fig. 3 is a schematic drawing of the recorder. The recorder consists 
essentially of an oscillograph (1) and a reducing motion (8). The 
oscillograph records in a vertical direction the load as measured by the 
strain gage, and the stroke is recorded in a horizontal direction through 
the reducing mechanism. The load and stroke are recorded on screen 
7 by a spot of light, which originates from lamp 20. The light from the 
lamp passes out through a small hole 23 in cover 22. The light beam 
passes through lens 80, is reflected from a small mirror in the galvanom- 
eter and travels back to the screen. As the polished rod moves up and 
down, the oscillograph oscillates in a horizontal direction, causing the 
spot of light on screen 7 to move back and forth horizontally. Variations 
in the load as the polished rod moves up and down cause an unbalanced 
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Fic. 2.—THREE GAGES APPLIED TO A WELL. 


A. Experimental magnetic gage. H. Carrying case. 
B. Carbon pile gage. F. Viewing hood. 
C. Telemeter. G. and H. Clamps. 
D. Recorder. 


Fig. 3.—ScHEMATIC DRAWING OF RECORDER, 
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current proportional to the load to flow through the oscillograph. This 
causes the oscillograph mirror to tilt about a horizontal axis, and causes 
the light beam to move up and down as the load varies. The resulting 
curve will be a load-displacement diagram, which can be viewed on the 
sereen or can be photographed for permanent record. 

Fig. 4 shows a schematic drawing of the magnetic strain gage. The 
essential parts of the gage are the compression tube, the armature and the 
pole pieces, each of which carries a coil. The gage is assembled so that 
there is an air gap between the pole pieces and the armature. The 
measuring circuit, shown in principle in Fig. 4, is a wheatstone bridge 
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Fic. 4—ScHEMATIC DRAWING OF MAGNETIC STRAIN GAGE. 


consisting of two variable impedances made up of the coils mounted on 
the pole pieces and two fixed resistances R; and R2. When there is no 
load on the gage the resistances R, and R, are adjusted so that either-no 
current or a fixed amount of current passes from A to B. When current 
passes from A to B it passes through the rectifier, thence through the 
choke coil and the oscillograph. The oscillograph then records or 
indicates the amount of unbalanced current. When a load comes on the 
gage the armature is caused to move in relation to the pole pieces and 
thereby causes a change in the air gap on each side. The change in air 
gap causes a change in the impedance of the coils, which results in an 
unbalance of the circuit, which is made proportional to the load. 

Two sets of coils, 6-8 and 7-9 are used to measure the load. These 
are mounted diametrically opposite on the compression tube and are 
adjusted so that if any bending occurs in the tube it will not influence the 
load recorded; any such bending results in one set of coils giving a higher 
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reading and the other set a lower reading, the sum being only the 
direct load. 

In order to reduce the amount of current drawn by the coils it is 
necessary to use high-frequency alternating current as the power supply. 
For this purpose a small motor-generator set, operating from a 6-volt 
storage battery and generating 6-volt, 500-cycle alternating current is 
used. The entire dynamometer, consisting of the battery, motor- 
generator set, recorder, gage, viewer, film packs, cable, and other miscella- 
neous parts can be placed in the carrying case, which is 11 by 10° by 
30 in. and weighs approximately 85 pounds. 


Recorps Maprt By DYNAMOMETER 


Figs. 5 to 10 inclusive show cards taken with this dynamometer. 
Fig. 5a shows a card taken on a long-stroke pumping unit making eight 


Fic. 5.—CarbDsS TAKEN ON LONG-STROKE PUMPING UNIT. 
a. Rig in usual arrangement, 
b. Rig reversed. 


11-ft. strokes per minute. The well had 2200 ft. of 7% in. rods and was 
equipped with a 4-in. pump. Fig. 5b is a card from the same well with 
all conditions the same except that the rig was reversed. The peak load 
in 5b is 14,700 lb., as compared with 14,200 in 5a. The polished-rod 
horsepower is practically the same, being 25.1 as compared with 24.8, the 
difference being less than the errors that might arise in measuring the area 
of the cards. 

Fig. 6 shows a card taken from a 3100-ft. well making eighteen 62-in. 
strokes per minute. This card shows two traces, one taken immediately 
after the other, indicating the differences that may be found from one 
stroke to the next. 

Fig. 7 shows a card taken on a rig equipped with an elliptical gear 
erank. The sudden changes in load at the end of the downstroke are 
caused by a broken gear tooth, which let the load drop off for an instant 
just at the end of the downstroke. 
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Fig. 8 shows a card for a well that was pounding fluid. The load is 
very nearly constant on the downstroke until the plunger hits the fluid 
in the pump; then there is a sudden drop of load. 


Fic. 6.—CarD SHOWING TWO TRACES, WHICH INDICATES DIFFERENCES BETWEEN 
STROKES. 


1 ne = = 
CaRD TAKEN ON WELL THAT WAS POUNDING FLUID. 


Fra. 8. 


Figs. 9a, and 9b are taken on the same well under as nearly the same 
well conditions as possible. The fluid level was nearly the same and the 
well made very little gas. Fig. 9a was taken with the pump making 
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twenty-three 72-in. strokes per minute and Fig. 9b was with thirty-four 
5014-in. strokes per minute, which gives equal polished-rod travel. 
Fig. 9b shows the type of card that is obtained when the pumping speed is 
so fast that the polished-rod clamp leaves the hanger. The sudden 
increase of load near the middle of the downstroke is caused by the 


a b 
Fig. 9.—Carps TAKEN ON SAME WELL IN CONDITIONS AS NEARLY ALIKE AS POSSIBLE. 
a. Pump making twenty-three 72-in. strokes per minute. 
b. Pump making thirty-four 50}4-in. strokes per minute. 


Fic. 10.—Carps oN WHICH TUBING AND ROD LOADS WERE TAKEN SIMULTANEOUSLY. 
a. Pump making twenty 50-in. strokes per minute. 
b. Pump making twenty-five 50-in. strokes per minute. 


polished-rod clamp hitting the hanger crossbar when it catches up with it. 
This card shows the sensitivity and the speed with which the dynamom- 
eter can follow the load. ‘The speed at which the load increased was so 
ereat that the light exposure was not long enough to leave a 
normal trace. 

Figs. 10a and 10b show cards on which tubing loads were recorded 
as wellas rod loads. The rod loads were taken on a magnetic dynamome- 
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ter and the tubing load taken on a carbon-pile dynamometer. The two 
dynamometers, unfortunately, were hooked up so that they recorded in 
opposite directions, and the start of the upstroke therefore starts on 
opposite ends of the card. Fig. 10a was taken at twenty 50-in. strokes 
per minute and 100 at twenty-five 50-in. strokes per minute. The sudden 
decrease of load on the tubing card during the upstroke was accompanied 
by a decided banging noise and apparently was caused by a rod joint 
catching on a tubing joint. 


INTERPRETATION OF DYNAMOMETER CARDS 


The use of dynamometer cards in the study of the operation of 
subsurface equipment requires a study of the form of card as well as a 
determination of the loads and horsepower. The cards included with 
this paper were chosen to illustrate the effects of the different operating 
conditions on the form of the card, as well as to show the kind of card 
obtained with this new dynamometer. As our knowledge of the effects 
of subsurface operating conditions on the form of dynamometer cards 
becomes better understood, the dynamometer will become more useful 
and necessary in the study of pumping problems and in the establishment 
of the best operating conditions. For such work, therefore, it is necessary 
to have a dynamometer that will record the load in correct amount and 
its true position with respect to polished-rod movement. 

One commonly accepted statement is that the peak rod load depends 
on the maximum rod acceleration. Under normal operating conditions, 
other factors exert a greater influence on the shape of the card and on the 
peak load than maximum rod acceleration. Such a condition should be 
expected from study of the forms of dynamometer cards. 

The maximum upward acceleration of the polished rod occurs at the 
start of the upstroke of the pump, and if this were the controlling factor 
we should expect the peak load to occur at this point. As a matter of 
fact, typical cards such as those shown in Figs. 6, 7, 8, 9a and 10 show that 
the peak load occurs near, or even after, the middle of the upstroke, at 
which point the rod acceleration will be zero or negative. 

The primary factors in the total polished-rod load, are: (1) weight of 
rods, (2) dynamic rod load, (8) rod friction, (4) stuffing-box friction, 
(5) weight of oil, (6) dynamic oil load, (7) friction of oil column, (8) 
plunger friction, (9) pressure on plunger due to fluid level in hole, (10) load 
on rods caused by pumping on downstroke. Of these loads, 9 and 10 
will subtract on the downstroke, since they act upwards and tend to 
reduce the load in the rods. Since friction reverses itself every stroke 
so as to oppose motion, the friction forces likewise tend to reduce the 
polished-rod load on the downstroke, whereas they increase it on 
the upstroke. 
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If it were a matter of adding algebraically these components of the 
polished-rod load, the interpretation of cards and the determination of 
the most advantageous operating conditions would be an easy matter, 
but the problem is complicated by many factors, of which the following 
three are probably the more important: 

1. A force cannot be transmitted along the sucker rods or through 
the oil column with a velocity greater than that of the velocity of sound 
in the material. 

2. The oil load cannot be picked up or dropped immediately by the 
plunger because it must move an amount equal to the tubing stretch 
before it can give up or support the entire load of the oil column. 

3. An increasing or decreasing rod load causes a further delay in 
the picking up or dropping of the oil load, since the polished rod must 
move an amount equal to the rod stretch before the plunger starts 
to move. 

While such things as time for the valve to close, friction in the stuffing 
box, standing waves of force, effect of free gas in the oil, and many 
similar items exert an influence on the shape of the dynamometer card 
and have much to do with the successful operation of a pumping rig, 
their influence is not so pronounced as items 1,2 and 3. In order to show 
just how they influence a card, two examples have been worked out, 
which will take into account only the static and dynamic load of the rod 
string and the static and dynamic load of the oil column, considering, 
however, the influence of items 1, 2 and 3 on the operation of the pumping 
unit. In these examples, a 2200-ft. well, being pumped by a 4-in. pump 
with 7<-in. rods, making eight 11-ft. strokes per minute in case 1 and 21.1 
fifty-inch strokes per minute in case 2, will be used. The polished-rod 
motion has been taken as being simple harmonic for simplicity. 

Fig. 11 shows the construction of a hypothetical dynamometer card 
for case 1, which corresponds to Fig. 5a. In this figure, the various 
components which go to make up the total polished-rod load have been 
plotted against crank position, in degrees. The rod weight and the 
dynamic rod load need no explanation for their construction. The oil 
weight carried by the rods and the dynamic oil load are the items that 
are principally influenced by items 1, 2 and 3. Since a force cannot be 
transmitted with a velocity greater than that of sound in the material, 
it takes at least a time in seconds equal to the length of rods in a well 
divided by the velocity of sound in steel, which is 16,000 ft. per second 
after the polished rod starts up before the plunger starts to move upward. 
For the case considered here, this amounts to approximately 614 degrees 
movement of the crank. 

For 2200 ft. of 7<-in. rods there is approximately 114-in. stretch for 
every 1000 Ib. increase in load. The tubing contracts approximately 
14 in. for every 1000 lb. load removed, so that in order to pick up a 
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1000-lb. load from the tubing, it is necessary for the polished rod to move 
approximately 134 in. in order to take up the stretch in the rods and the 
movement of the tubing. To determine the rate at which the rods pick 
up the oil load, it is necessary to work out by trial and error the distance 
the polished rod must move in order to take the stretch out of the rods 
and tubing during this process of picking up the load. 

Fig. 11 shows that it takes approximately 48 degrees movement of 
the crank before the rod string supports the entire weight of the oil 
column. Actually, it may take a slightly longer time because the 
dynamic oil load also must be considered, although in this case it has been 
assumed that all of the dynamic oil load is supported by the rods, for 
reasons of simplicity. Likewise, the rods cannot immediately drop the 
oil load as they start on the downstroke, because when this load is dropped 
off the polished rod has to move down an amount equal to the combined 
stretch of the tubing and change in length of the rods. The curve for 
the oil weight on the rods, therefore, has the shape shown in Fig. 11. ‘The 
dynamic oil load after the rods start down has been assumed to be taken 
by the tubing. The total polished-rod load as shown is a combination 
of the rod weight, dynamic rod load, oil weight on the rods, and the 
dynamic oil load. The hypothetical dynamometer card is constructed 
by projecting the total polished-rod load down to the polished-rod posi- 
tion curve and thence to the load in 1000 lb. The card as constructed 
for this case, where the many factors outlined before have been neglected, 
has the same shape as the card shown in Fig. 5a. 

The other item that has a great influence on the size of the card 
is the free gas in the oil column. The presence of free gas in the oil 
column results in a reduction of the oil weight carried by the rod and 
also probably changes the velocity with which the force can be trans- 
mitted through the oil column. It is probable that the velocity with 
which the force is transmitted will approach that of the velocity of sound 
in gas, which is of the order of 1000 ft. per second, as the amount of 
gas increases. 

Fig. 12 shows the construction of cards for a well with the same size 
of pump, same well depth and polished-rod travel, but with different 
speeds and strokes. The curves shown with the solid line are for a 50-in. 
stroke at 21.1 strokes per minute. The time between the polished-rod 
movement and the plunger movement remains the same but the angle 
through which the crank turns before the plunger starts to move increases 
in this case to approximately 1714. This, of course, is the result of the 
higher crank speed, which occurs in a part of the stroke during which 
there is no area to the card and which, of course, becomes ineffective 
in producing oil. 

The second case considered is indicated by dotted lines. In this 
the stroke has been kept the same but the speed has been increased 
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- 50 per cent, or is now 31.6 strokes per minute. The dynamic rod load 

is therefore increased 125 per cent. The time before the plunger starts 

to move is further increased to approximately 34° of crank travel and 

results in a still larger lag. The total load curve for this condition shows 

only about 600 lb. increase in the peak load, although the dynamic load 
has increased approximately 2000 pounds. 

The oil-load curves indicate that the effect of increase in the speed 
results in a further lag in the picking up of the oil load and throws the 
position of the stroke at which the entire oil load is supported by the 
rods to a point at which the dynamic rod load becomes negative, and this 
will therefore tend to reduce the peak load. However, since the dynamic 
oil load is increased, the net result will be an increase in total load. 
If the dynamic oil load is small, which occurs if a large amount of gas is 
present in the oil column, the peak load pe actually be reduced by 
increasing the operating areas 

The third case shown on this figure, by the dot-dash lines, is one in 
which half the oil column has been assumed to be occupied by gas. It 
has been assumed that the velocity of sound in the oil column remains 
the same as before, which is about 4000 ft. per second. The resulting 
card shows the peak load to occur before the middle of the stroke and the 
entire shape of the dynamometer card changes. 

The hypothetical dynamometer cards shown in Figs. 11 and 12 have 
been constructed on very much simplified hypotheses, but it is believed 
that they explain to a great extent the form of the dynamometer card, 
and show why such a wide variation in the form of the card is encountered 
in practice. 

To interpret a dynamometer card, it is often necessary to have been 
present when the card was taken, because a loose bearing, tight stuffing 
box, slipping clutch or belt, an improperly operated engine or other part 
of the rig will introduce variations in the card, which cannot be under- 
stood by one who was not present and who does not know the cause of 
the variations. 

The gradual accumulation of information showing the effect on the 
card of various operating conditions will do much to increase the utility 
of dynamometer cards. While the pumping system appears to be 
rigid, it is actually relatively elastic, and its operation must be analyzed 
by the mechanics of elastic bodies rather than by the mechanics of 
rigid bodies. 


Fundamentals of Casing-joint Design 
and Field Application 


By James B. GRAHAM* AND Eare E. Smrrut 


(New York Meeting, February, 1935) 


THE value of all minerals produced in the United States for the years 
1930 to 1932 averaged $3,460,000,000 annually, according to Bureau of 
Mines reports. Of this amount, approximately $1,280,000,000 represents 


nonmetallic substances, such as petroleum, gas, sulfur and salt produced . 


as fluids. Thus, about 37 per cent of the country’s mineral wealth is 
procured through wells drilled in the earth, which require casing 
to keep them open throughout their life. 

Deep well drilling has increased greatly in the last few years. Several 
strings of casing have been set deeper than 9000 ft.—one, a string of 75<-in. 
O.D. casing, 10,301 ft. long, run in a well drilled by the Gulf Production 
Co. in West Texas, holds the record up to this time. These are longer 
strings than were contemplated when the American Petroleum Institute 
Specifications were adopted 10 years ago, therefore it is necessary to 
consider whether the present joint standards are adequate for such strings, 
or for even longer strings that may be called for in the future. Petroleum 
engineers are asking: 

Is there a possibility that stronger joints can be designed without going 
to stronger and more costly steels than offered in present specifications? 

Without sacrificing too greatly the tensile properties of the joint, 
can its design be changed to allow more clearance in the open hole below 
the next larger string of casing, and thus avoid costly underreaming? 

What can manufacturers offer for drilling through heaving shale? 


FUNDAMENTALS OF THE PROBLEM 


During the last few years considerable study has been given to casing 
joints and their limitations, and since attention must be given to this 
subject by those who will be required to drill deeper holes, it is timely 
to review the fundamentals of the problem. These will be recognized 
generally as the following: 

1. No threaded joint can be stronger than the area of metal under 
the root of the first perfect thread, and this area must be large enough 
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to carry the entire weight of the string with a reasonable factor of safety, 
preferably a minimum of 214. 

2. The joint must be watertight. 

3. It must be foolproof to the extent that it cannot be easily damaged 
in handling or running, but it should be of a type that can be easily 
repaired if it is damaged. 
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Fic. 1—MaxIMUM LENGTH OF STRING FOR STEEL OF VARIOUS TENSILE STRENGTHS. 


4. The joint must offer high resistance to bending stresses and must 
stand a reasonable amount of deflection without leaking. 

5. The joint should lend itself to rapid production in the mills and 
it should be acceptable to a large number of users. 

The collapsing strength of casing is also of great importance. How- 
ever, sufficient strength to resist almost any external hydrostatic pressure 
can be obtained by increasing the wall thickness of the pipe, or the 
effective pressure can be brought within a safe range by the use of cement 
to fill the annular space between the drilled hole and the casing. 

Economic Limitations of Higher Tensile Steels—The limitations of 
steel should be considered, because any continuous string of steel of 
uniform cross-section will cease to be self-supporting if the length is 
increased beyond certain limits, that are directly proportional to the 
unit strength of the steel. Fig. 1 shows that notwithstanding the use 
of safety factors much lower than those approved for general construc- 
tion, drilling operations are gradually approaching the limits of depth 
attainable with existing commercial grades of pipe steel. In the Ameri- 
can Petroleum Institute Specifications, which are universally accepted, 
the classes of steel most suited to casing are grade C, with 75,000 |b. 
per sq. in. minimum ultimate tensile strength, and grade D with 95,000 lb. 
minimum. With a safety factor of 2, steel of 105,000 Ib. average tensile 
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could be set at approximately 15,442 ft. if the joints were as strong as the 
body of the casing. There would be little difficulty in forging seamless 
tubular sections strong enough to run to much greater depths, but it is 
the joining together of these sections in long strings that presents practical 
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difficulties in keeping the dimensions of the joint within desirable limits 
and yet approaching, as closely as possible, the strength of the full 
casing section. 

Joint Efficiencies Are Determined by Full Section Tensile Tests —The 
ratio of the joint strength to the strength of the full casing section repre- 
sents the efficiency of the joint. Such factors as the elasticity of the 
joint members, the extent of the friction between the thread flanks and 
the effects of variation in pitch and taper of the commercial product, 
make difficult the expressing of joint strength by a mathematical formula. 
In this analysis, therefore, the efficiencies have been determined by 
actually pulling to destruction numerous specimens of commercial and 
experimental joints. Fig. 2 shows curves representing joint efficiencies 
for grade C and grade D A.P.I. casing. Each point on the curves 
represents the average of six tests, comparing the strength of joint to 
the strength of plain end section. 


Types oF Casinc THREADS 


Standard A.P.I. casing is equipped with threaded and coupled joints 
of the same design as those in general use in the Mid-Continent and 
California oil fields at the time the specifications were adopted. The 
threads are of the form called American V-type, or Briggs’ form. The 
depth of these threads is 0.8 times the pitch. 

Fig. 3 shows a section of a conventional casing thread, also a section 
of a joint with the coupling completely made up on the thread. The 
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- area of metal in the cross-section directly below the first perfect thread 
(indicated on the drawing by A) represents the maximum strength that 


could possibly be developed. The 
efficiency of such a joint, when 
fitted with a coupling at least as 
strong as the threaded end of pipe, 
ranges from 45 to 75 per cent, 
depending on the length of the 
thread, the size of the pipe and its 
wall thickness. 

Other types of threads are 
occasionally used on casing. The 
Acme thread has a depth of 14 the 
pitch plus 0.010 in. Another, the 
rounded V-thread, has a depth 
approximately 0.57 times the pitch, 


A 


Fig. 3.—SEcTION OF CONVENTIONAL 
CASING THREAD AND SECTION OF JOINT 
WITH COUPLING COMPLETELY MADE UP ON 
THREAD. 

Area of metal in cross-section directly 
below first perfect thread (A) represents 
maximum strength that could be developed. 


or a little shallower than the 

Acme. Therefore, in cutting the American V-thread a slightly 
greater amount of metal is removed than in making any of 
the other types. Fig. 4 illustrates five types of threads, which include 
the buttress thread and a modification of the Acme thread, as well as 
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those mentioned. On threads of the square or buttress types, the angle 
of the flanks in contact is generally made about 5° to a line perpendicular 
with the axis of the casing, while on the conventional threads with 60° 
included angle this bearing surface is 30°. Thus, with the square type 
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of threads the tension forces produce a smaller component acting inward 
on the threaded end of the casing. Part of the theoretical gain from 
the smaller flank angle on the square thread is lost, however, because of 
the elasticity of the threaded end, which, under great tension, elongates 
slightly and contracts diametrically, regardless of the type of thread in 
contact, and there remains also much of the same tendency for the threads 
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Fic. 5.—INCREASE IN STRENGTH OF JOINT THAT RESULTS FROM INCREASED LENGTH 
OF THREAD. 


to turn over, or deform, slightly on the crests, hastening the failure of the 

joint by permitting the threaded end to jump out of the coupling. 
Methods of Increasing Joint Strength—A longer thread will increase 

the joint efficiency. This is true because many of the joints with rela- 


Fic. 6—CoNVENTIONAL EXTERNAL UPSET CASING JOINT. 


tively short threads permit the threaded section at the end of the pipe 
to contract and the thread pulls out of the coupling. The curve in 
Fig. 5 indicates the increase in the strength of a joint that results from 
increased length of thread and such test results were the basis for design- 
ing longer threads and couplings for grade D casing. 

It is obvious that the strength of a joint can be increased by the use 
of higher tensile steel in the casing. While this is an effective method 
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of obtaining greater joint strength, it does not increase the ratio of 
strength existing between the joint and the plain casing section. At 
present it does not seem necessary, and probably would not be economical, 
to use steel with an average tensile strength over 105,000 lb. per sq. in. 
for casing material. 

In threading any joint, a part of the casing wall must be cut away, 
therefore it is impossible to develop 100 per cent joint efficiency with- 
out upsetting. 

Fig. 6 represents a casing joint with the conventional external upset that 
provides increased metal area at the first perfect thread. The greatest 
objection to the use of an upset is the increase in the joint diameter, and, 
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Fig. 7.—INSERTED CASING (a) AND THREADED AND COUPLED CASING (0). 


consequently, the reduction of the clearance between strings. This 
means larger size and heavier wall casing will be required to finish the 
well with the same size of hole. Internal upsets are not practicable, 
as the full bore of the casing is required for 
the free passage of drilling tools and swabs. 

Judging from joint designs that have 


been placed on the market during the last 


few years, there is a place for a joint that 
will give added strength without taking up 
too much of the drilled hole, or conversely, 


one that will give added clearance without Fic. 8—Samn as Fic. 7 
sacrificing toomuch strength. By using two BLOCKED 70 sow SN LASEES 
8 ¥ ar c yc OF CONNECTING PORTIONS. 

designs of joints in one hole, joints with 
increased strength can be used at the top of the string and those with 
increased clearance can be used on the bottom, but it is virtually 
impossible to obtain in one design the full advantages of both joints. 
Joint Designs that Give Increased Clearance-—There seems to be a 
fairly general idea that inserted joints, that is to say, threaded joints 
similar to the bell and spigot design illustrated in the upper half of 
Fig. 7, will give greater clearance with less sacrifice of strength than will 
threaded and coupled joints. Obviously, the maximum strength of the 
joint depends on the area of metal at the root of the first perfect thread 
of the bell end of the pipe as well as of the first perfect thread of the 
inserted end. On the bottom half of this figure is shown a threaded and 
coupled joint with a coupling the same thickness as the bell. In Fig. 8 
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the right-hand portion of the two joints is blocked out, which makes 
clearer the point that there is no essential difference in the connecting 
portions of the two designs. The material in the bell is no stronger 
than the steel in the body of the pipe; but the coupling shown in the 
lower drawing could be made of higher tensile steel and therefore made 
thinner, or, in other words, greater clearance could be obtained than 
with the inserted type joint without sacrificing joint strength. This 
advantage in the use of a coupling obtains regardless of the type of 
thread employed. 

Since couplings can be made stronger, and consequently thinner, 
the pitch diameter of the threads on the pipe can be increased and the 
strength of the joint correspondingly increased without sacrificing 
clearance. This requires the use of an external upset but in a way that 
will not sacrifice clearance. 


Use or ALLOY-STEEL CaAasING COUPLINGS 


The use of heat-treated alloy-steel casing couplings is a development 
of the last four years. They were first used by the Standard Oil Co. of 
California to gain clearance on the lower part of casing strings run at 
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Fic. 9.—ALLOY COUPLINGS ON UPSET CASING. 


Kettleman Hills. By gaining clearance and thus avoiding underreaming 
in setting these oil strings of casing, it is reported that $14,000 per wellis 
being saved. We will show later the possibilities of using these coup- 
lings to gain maximum clearance. First, we wish to show how such 
couplings can be used to develop 100 per cent joint efficiency without 
sacrificing clearance over that now existing in regular combination 
of A.P.I. casing. : i 

Alloy Couplings on Upset Casing.—Fig. 9 illustrates the 133¢-in. Ody 
9%g-in. O.D. and 7-in. O.D. grade D combination, which is most com- 
monly used for wells 6000 ft. and deeper. Note the minimum total 
clearance is 1.005 inches, which, apparently, has proved to be sufficient 
for the smaller strings. 
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Fig. 10 illustrates the same combination, but with the casing upset 
sufficiently to develop the full strength of the plain end pipe. The 
use of heat-treated alloy-steel couplings on upset casing permits holding 
the joints to the same outside diameter, as previously illustrated on plain 
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Fie. 10.—SaME COMBINATION As IN Fig. 9, WITH CASING UPSET TO DEVELOP FULL 
STRENGTH OF PLAIN END PIPE. 


casing. These couplings may appear somewhat thin to those who have 
been accustomed to couplings made from regular grades of steel; however, 
the manufacture of these high-tensile couplings has passed beyond the 
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Fic. 11.—FLusH COUPLING JOINT (TYPE 1), SEMI-FLUSH JOINT (TYPE 2) AND, JOINT 
THREADED TO STANDARD PITCH DIAMETER AND FITTED WITH ALLOY-STEEL COUPLING 


(TYPE 3). 


experimental stage and we believe the diameters may be reduced still 
further if this becomes necessary, especially for use on the lower portion 
of casing strings. With this type of joint, 7 in. O.D. 30.30 lb. grade D 
casing could be set at a depth of 12,400 ft. with a safety factor of 214, 
and if safety factors as low as those used ‘on some recent long strings of 
casing are considered satisfactory, where the casing was run by using 
float valves in the string, it could be set at depths as great as 15,000 feet. 
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CASING-JOINT DESIGN AND FIELD APPLICATION 


This is a conventional joint which can be made in the regular line of 
production at the mill and one that would be easy to recondition in 


field shops when necessary. 


Alloy Couplings on Casing Not Upset.—Occasionally, clearance 
becomes more important than joint strength. This is true where under- 
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12.— RESULTS OF TENSION TESTS 
ON TWO TYPES OF JOINTS, GRADE D or 
A.P.I. SPECIFICATION. 


reaming the open hole below the 
next larger string of casing is to 
be avoided. It is not necessary — 
to depart from the conventional 
joint to meet these conditions, 
provided heat-treated alloy-steel 
couplings are used. 

Fig. 11 illustrates: (1) a flush 
joint, (2) a semi-flush joint, and 
(3) a joint threaded to standard 
pitch diameter and fitted with an 
alloy-steel coupling. 

The usefulness of a flush joint 
is very limited. It is the weakest 
of all types of joints regardless of 
the kind of thread adopted for it, 
and generally there is enough 
clearance in the well to accommo- 
date a stronger joint. Type 1 
shows an average joint efficiency 
of 46 per cent with relation to 
the plain pipe. This is about 8 
per cent higher than is usually 
obtained with the conventional 
type of flush joint; on some of the 
larger sizes the efficiency is as 
much as 15 per cent greater. 
Type 2 has an average joint 
efficiency of 58 per cent. This 


_ type of joint has practically all of 


the advantage of a flush joint; 


in fact, some operators hold the opinion that it is easier to free 
a “frozen” string of pipe fitted with couplings, since the passing of the 
couplings enlarges the hole and thereby eliminates part of the friction. 
Type 3 has the same strength as the long thread and coupling joint now 
used on grade D casing. The cost of the alloy couplings is relatively 
high but often they effect an ultimate saving due to the greater clear- 


ance afforded. 


Fig. 12 shows the results of tests on the flush and semi-flush types of 
joints. In each test the specimens were cut from the same length of 
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pipe so that comparisons could be made directly and without taking 
into consideration slight variations in tensile properties and wall thick- 
ness that might affect the results if test specimens were cut from 
different lengths. 

We have mentioned that the joint strength could be increased by 
upsetting or by increasing the tensile strength of the material. The 
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Fic. 13.—SHORT SECTION OF CASING WELDED TO END OF FULL SECTION OF UPSET 
CASING. 
latter can be done only at great expense, since the price of a suitable 
alloy steel in the form of blooms is approximately five times as high as 
grade D steel, and further, the production of such pipe would require 
new and radically different heat-treating equipment in which the pipe 
could be quenched vertically in a bath of oil. However, a short section 
of casing made of heat-treated alloy steel could be welded to the end of 
the full section of casing that has been upset. Such a joint, illustrated 
in Fig. 13, will give 100 per cent efficiency based on the plain end strength 
of grade D casing, and the outside diameter of the joint will be less 
than that of the standard joints for 
threaded and coupled casing not upset. 
The efficiency of this type of joint 
depends largely on the character of the p,q. 14—Wrupmp sup JomnT. 
weld, and the practicability of its man- 
ufacture depends on studies now being made in the welding of alloy steels. 
Even if the weld is assumed to be 100 per cent, the metal near it might 
be affected by the heat of welding to the extent that it would not be as 
strong as the pipe. The use of a slight upset, as indicated, would 
develop the full strength of the pipe wall, even though the welds at the 
upset ends were only 90 per cent efficient. This joint uses conven- 
tional threading practice and meets all fundamental requirements for 
casing joints. 


WELDED JOINTS SUITABLE FOR LARGER SIZES 
In the larger sizes, slip-joint casing, as illustrated in Fig. 14, is used 
to a considerable extent, particularly in California. While much depends 
on the personal element in welding this joint, it will, on the average, 
show a higher percentage of efficiency than a threaded joint. For 
convenience in stabbing, and because it is necessary to weld the casing 
in a vertical position, the slip-joint type is highly desirable, although 
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the butt-welded joint is stronger, no doubt. Where casing may have 
to be pulled and rerun, there is a great disadvantage in using welded 
joints, and they give no gain in clearance on sizes 1034 in. and smaller. 
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The second fundamental of joint design is that it must be leakproof. 
No gain in other respects will justify sacrificing this feature or taking a 
chance with any design that does not offer full assurance against leakage. 
Tapered threads of the conventional V-type have been tested for their 
tightness through-many years of service, and are holding some of the 
highest gas pressures encountered in drilling. If reasonable care is used 
in cleaning the threads and the joint is made up with a good zinc lubricant, 
this type of thread will withstand pressures that produce stresses in the 
full casing walls approximately equal to the yield point of the steel. 

In making up a taper-threaded joint that has the American V or 
Briggs’ form of thread, a stress is produced in both the threaded end of 
the pipe and the coupling that forces the flanks of the threads together, 
thereby making a pressure-tight fit. The crests and roots of the threads 
are essentially the same shape, thus making a close fit. The Acme or 
square-type threads, as previously pointed out, have a very small com- 
ponent of force to produce tightness between the flanks of the threads, 
and it is generally agreed that a joint with this form of thread must be 
supplemented by a pressure seal of some kind. This feature can be 
worked out as a square or tapered shoulder at the end of the threads 
and will receive consideration later. 


SIMPLICITY IN DESIGN PREFERRED FOR Fietp Uss 


The third point is that the joint must be foolproof, so that with 
ordinary care in shipping, hauling and handling it is not rendered unserv- 
iceable. There is always the possibility that the casing might be dropped 
and an end knocked out-of-round. If the coupling of a conventional 
joint is damaged, it can be removed and replaced with another. _ If 
the thread is damaged, it can be repaired in any local shop that has a 
fairly competent mechanic, and a lathe or threading machine. Where 
joints of the bell end type are used, any damage to the bell end would 
require a complete refinishing for which special equipment is required, 

There is also a possibility of damage in making up joints. When 
high-tensile steels are screwed together, particularly if they have not been 
heat-treated, it is essential that a nonferrous metal be interposed in some 
way between the two mating surfaces. To prevent galling, it is now 
standard practice to electrogalvanize the threads of casing couplings. 
Threads in the bell end type of joint, being integral with the pipe, do 
not lend themselves readily to the practice of electrogalvanizing. In 
making up joints for the high pressures that are incidental to deep drilling, 
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the joints must be made considerably tighter than is necessary in shal- 
lower wells, and in such cases electrogalvanizing is an important factor 
in preventing damage to the threads. 

The rise in temperature and the general behavior of joints with 
conventional threads give a clear indication of their reliability in tension 
and of their pressure tightness. Special square threads do not assure 
pressure tightness by the contact on the flanks of the threads, and there- 
fore the fit on the flanks does not give a true indication of any likelihood 
of leakage. Careful inspection must be given to each pressure seal before 
making up the joint in order to detect any abrasions from handling or 
any out-of-roundness. 


Joints Must Resist BENDING 


The fourth requirement is that the casing must offer high resistance 
to bending. Fig. 15 shows the results of deflection tests on various types 
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of joints. The long threads and couplings of the conventional type now 
generally used on grade D casing show the best results. The length 
of the coupling and the length of the threads in engagement have an 
important bearing on the resistance to deflection. 

It is also necessary to consider the fact that the moment a casing 
joint leaks it has failed for practical purposes, therefore a joint with a 
long thread contact that is pressure-tight has an advantage over joints 
with short threads or those that depend upon a narrow pressure seal, 
Deflection tests made while the joint is under hydrostatic pressure are now 
in progress, but it is unfortunate that the results are not yet available. 
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SuITaBILITY FOR QUANTITY PRODUCTION REQUIRED 


The fifth requirement is that joints must lend themselves to rapid 
production in the mills. The conventional casing joint is produced in 
threading and tapping machines, which, like machines for mass produc- 
tion in the automobile industry, have been perfected to the point of 
turning out quantity work with a high degree of accuracy. A joint 
that requires a shoulder seal to be leakproof must have the threads cut 
in accurate relation to the shoulder so that the contacting points through- 
out the joint will come to an exact bearing when the joint is made up. 
A large number of orders for this kind of special threading would require 
a complete change of equipment and an increase in the cost of production. 
It is evident that reconditioning of special joints in the field would require 
lathe work of a caliber not usually found in field shops; consequently 
special joints with intricate threading are not suited to quantity produc- 
tion and wide use. 


CONCLUSIONS 


The limit of depth to which casing made from steels in general use may 
be set, even with a low factor of safety, is approximately 15,400 feet. 

By upsetting the ends of casing, joints can be made that will develop 
the full strength of the casing wall. If these upset joints are fitted with 
heat-treated alloy steel couplings, the outside diameter of the joints 
can be kept as small as that on the present standard casing, which is 
not upset. 

Wherever it is essential to reduce joint diameters for the purpose 
of gaining greater clearance in the open hole, high-tensile, thin-wall 
couplings may be used with a minimum sacrifice of strength. 

Such joints will retain, both in manufacture and in use, all of the 
advantages now afforded by conventional threading. 


DISCUSSION 
(H. H. Power presiding) 


G. M. Earon,* Ambridge, Pa. (written discussion).—The fundamental fitness 
of casing joints for service can be decided most reliably by going through motion 
studies of the actual routine running of casing into wells. We will touch on a few 
of the more outstanding of the many features involved. 

When the well is drilled through treacherous formation, any feature of the joint 
that reduces the time required to land the casing is constructive, provided that the 
new feature is in no way a trouble maker. 

Under the best of conditions, the act of stabbing A.P.I. casing is an operation that 
is rather strenuous and yet precise, but when the situation is complicated by high 
wind, low temperature, sleet, or when the derrick floor is inches deep in overflowing 
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mud, accurate stabbing of the A.P.I. joint becomes very difficult. The short A.P.I. 
joint must be stabbed on the feather-edged ends of the threads. The stabbed joints 
must then be lined up by eye and the threads must be engaged with sufficient care to 


- avoid cross-threading. With the long A.P.I. threads, the sharp crests of a few male 


threads must pass the equally sharp crests of the female threads without any damage, 
and the weight of the stabbed length must be carried in the stabbed position on the 
thin tips of a few threads. a 

One can only marvel at the skill exhibited by a trained casing crew; nevertheless, 
a great many joints of A.P.I. casing are damaged in stabbing to an extent that requires 
the laying down of the casing. This costs money, causes delays, and is avoidable. 
Simplified stabbing is therefore worth going after. 

The diameter clearance between the ends of the male and female A.P.I. threads 
is small even with the long threads. This stabbing clearance can be increased by 
making the thread taper much steeper, and by making the threads shallower, which 
gives the stabber a larger target at which to shoot. By replacing the sharp-pointed, 
fine-pitched -V-threads of the A.P.I. joint with sturdy shallow threads having flat 
crests parallel with the axis, a joint is secured in which the male member, as stabbed, 
enters deeply into the female member. As the flat thread crests pass each other, the 
stabbed length of casing is automatically pulled into alignment without damage to 
the threads, and in the stabbed position the weight of the stabbed length is carried on 
a large number of threads, amply strong to support the weight without damage. 
The stabbed joint is thus always aligned and the threads are engaged and ready to 
spin with complete assurance that the thread has undergone no damage that will 
cause galling while the joint is being made up. 

The deep entry of the male into the female in combination with a thread of coarser 
pitch than that of the A.P.I. joint reduces the number of turns the spinning rope must 
give to the stabbed joint low enough to avoid the necessity of slacking off the rope 
when the spin is half done in order to pull the turns wrapped around the casing down 
closer to the joint, as is usually necessary with A.P.I. casing joints. 

The combination of characteristics of a modified casing joint carries with it the 
much greater advantage of requiring only a small number of tong yanks to drive the 
joint home, which saves time. It has the additional advantage of making a welcome 
reduction in the work demanded of the casing crew. It is entirely practical to make a 
joint that will require only one-third as many tong yanks as the average A.P.I. casing. 
Furthermore, there is always the question of how hard the tongs should pull on the 
A.P.I. joint in order to come between the limits of a joint that may leak because of 
undertonging, and a joint that may be galled and therefore leak because of over- 
tonging. This question is avoided when the joint is provided with a definite stop 
which provides a witness mark to indicate when the joint is properly made up, and 
which makes it a physical impossibility to damage the joint with the size of tongs and 
jerk line ordinarily employed. The natural type of stop to employ is the ‘‘end to 
shoulder” engagement universally used for the pin and box connection of tool joints. 

Many improperly made up joints of A.P.I. casing are run down the hole and the 
operator never knows whether or not these joints are tight. If gas pressure builds 
up at the braiden head, the operator is usually at liberty to guess whether the leakage 
is occurring through defective casing joints or is the result of a defective job of cement- 
ing. One leaking joint in a string makes a leaky casing. 

Complete freedom from galling during make-up is doubly assured by using a thread 
in which there are liberal clearances on the thread flank, and also between the crests 
of the thread of one of the members and the corresponding thread roots of the other 
member. These clearances provide room into which, if incipient galling results from 
extreme accidental damage of the threads, the plastically displaced metal can flow 
without danger of building up a lump gall. It is evident that a joint employing the 
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features mentioned can be stabbed and made up in less time than is possible with the 
A.P.I. thread. 

The square shoulder of the A.P.I. coupling prevents the practical running of A.P.I. 
casing through pressure packing. The square shoulder also always involves the 
possibility of hanging up in the open hole. With a streamlined joint it is entirely 
practical to run casing through pressure packing, and the possibility of open hole 
interference is reduced. 

After casing has been landed, the cementing demands attention, and since this is 
still a somewhat uncertain operation, anything that assists in the free flow of the 
cement up around the outside of the casing is important. A streamlined exterior 
contour of a casing joint reduces turbulence in the cement and therefore offers a 
desirable improved tendency. This contour also reduces the pressure required 
to break circulation. 

After the casing has been set and cemented, it is important that it remain tight 
against hydrostatic pressure. The characteristics of the thread which have been 
outlined to this point, and which are essential in order to gain the advantages to which 
reference has been made, result in a thread that offers no resistance to leakage under 
hydrostatic pressure. In fact, only by relieving the casing thread of the duty of leak 
resistance is it at all possible to reap the advantages mentioned. 

Obviously, an independent leak-resistant seal is necessary. This can be made 
most effectively by the use of mating conical seats in the male and female members. 
While the end to shoulder engagement is in itself an effective seal in a joint that has 
been tonged home properly, it is not safe to rely upon this. A joint tonged insuffi- 
ciently to bring the stop into contact would be wide open for leakage as far as this 
“end to shoulder” seal is concerned. But a conical seal having a taper about the 
same as that of the threads insures reliable leak resistance, even when the end to 
shoulder engagement is open by a few thousandths of aninch. It is advisable to add 
a non-engaging protecting nose to guard the male seal against damage. 

To insure successful fishing or recovery of casing from a well, the joint should 
have the highest practical tension efficiency. A careful study of all the points involved 
in determining this maximum practical tension efficiency shows that it is reached 
by a joint strong enough to put a small permanent stretch into the normal body of the 
casing. But the joint must fail under tension before the normal body breaks, because 
material necking down occurs when casing with proper ductility is pulled to destruc- 
tion. The necked-down end would make an ugly fishing job. 

The joint that results from an analysis of the fundamental requirements for 
casing is peculiarly free from accidental damage, owing in part to the sturdy thread 
form. But it is also due to the selection of those thread crests and roots that are 
best protected, to perform the duty of hard bottoming in the made up joint. The 
female thread crests bottom in the male roots, and the location of these crests and 
roots gives them adequate protection from all ordinary damage. Reasonable scarring 
of the male thread crests does no harm, as these crests make no contact with the female 
roots. This all means that comparatively little repair is necessary with this type 
of joint. 

The last service requirement to which we call attention at this time is that the 
joints of any given size must be strictly interchangeable and must be adequate in all 
particulars after repeated and indiscriminate make-up. This demands that the joint 
lend itself to simple and accurate gaging, which will determine with full assurance 
the fitness of the casing to perform the functions for which it is produced. The new 
casing to which we have referred meets this fundamental completely. 


W. M. Frame,* Ambridge, Pa. (written discussion)—Mr. Graham and Mr. 
Smith have shown that for some applications it is desirable to have available casing 
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with the coupling O.D. smaller than the A.P.I. coupling. They have described how 
the coupling O.D. can be reduced by the use of high-strength couplings, but with some 
sacrifice in joint efficiency in tension. 

Now let us attack the problem from an entirely different viewpoint and see whether 
it is possible to obtain both decreased coupling O.D. and increased joint efficiency. 

First, consider the manner in which the A.P.I. joint fails in tension. Tensile loads 
are resisted by the thread flanks, which are at 60° with the axis of the pipe. Because 
of the wedging action of these thread flanks, the coupling tends to expand radially 
and the pipe end tends to contract radially. As the tensile load is increased, some 
value is reached where relative movement between the mating thread flanks occurs 
because of the wedging action. With movement, the condition rapidly becomes 
worse until suddenly the pipe end snaps out of the coupling. Relative movement 
of the mating thread flanks occurs because the 60° flank angle is greater than the 
frictional angle of repose of the surfaces. If the flank angle is decreased until it 
is less than the angle of repose of the surfaces, no movement could occur because the 
flanks would be locked together by friction. 

We have found by a considerable amount of experiment that an included flank 
angle of 12° is well within the angle of repose of the surfaces. Of course, it is out of 
the question to try to make a V-thread with an included flank angle of 12°. So, in 
order to be practical, threads with small included flank angles must be of a modified 
Acme form. With respect to tension, this modified Acme thread is almost ideal. 
The thread flanks can be made with a very small included angle, so that friction holds 
the mating flanks firmly together under tensile loads. Therefore, the strength of the 
joint depends almost entirely on the cross-sectional area of the joint at the root of the 
thread. If this area at the critical section is equal to the cross-sectional pipe area, 
the joint efficiency will be approximately 100 per cent. Or the joint efficiency can be 
made whatever is desired within reasonable limits: The same joint efficiency can be 
obtained on, say, 1034-in. casing as on 65-in. casing. It is not necessary to use a 
heavy coupling, as in the A.P.I. joint, in order to insure low expansive deflection. 
Therefore, the O.D. of this joint can be made much less than the O.D. of the A.P.I. 
coupling and with a considerably higher joint efficiency. 

Now, can a commercial pipe thread of a modified Acme form be machined accu- 
rately enough to prevent leakage? We consider it utterly impractical to attempt 
this, so it is necessary to provide a separate means for preventing leakage. A tapered 
seal at one end of the threaded portion of the joint is very satisfactory. These tapered 
sealing surfaces are simple surfaces of revolution and can be easily and reliably manu- 
factured to provide very high resistance to leakage. The joint will not leak when 
subjected to external pressure great enough to collapse the pipe. Neither will it leak 
when subjected to internal pressure great enough to stress the pipe body to the 
yield point. 

If the threads do not have to seal off the joint, it is not necessary that the thread 
form be extremely accurate. The thread flanks do not have to contact on both sides 
of the thread, because the resistance to make-up can be secured by bottoming the 
flat thread crests of one member in the mating flat thread roots of the other member. 
The other crests and roots do not have to engage. 

The gaging operation is simple and reliable because only diameter and taper are 
involved, and with respect to the thread, it is necessary to gage only the parts of the 
thread that engage; namely, the crests of one member and the mating roots of the 
other member. 

A casing joint with this Acme type of thread for strength, and with a tapered seal 
for reliable prevention of leakage, has four distinct advantages as compared with the 
A.P.I. type of joint: (1) higher joint efficiency in tension; (2) smaller joint O.D.; 
(3) a more uniform and reliable product can be manufactured; (4) the resistance to 
leakage is greater and more reliable. Any logical analysis of the casing problem must 
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give serious consideration to these fundamental features. There are also many other 
important advantages. 

Probably every pipe manufacturer is proud of the accuracy of his A.P.I. joints. 
We are proud of the accuracy of our A.P.I. joints. For many applications the A. iP. 
joint is adequate, but for deep wells, where tremendous investments are involved, 
there is a real need for a more reliable and adequate casing joint. And this need is 
not necessarily limited to deep wells. The range of application of the casing joint 
with the modified Acme thread and the separate seal can be determined only by wide 
field experience. 


J. B. Grauam (written discussion).—Mr. Eaton and Mr. Frame have presented the 
merits of a special joint. We have studiously avoided criticizing any particular 
product, but have tried to present the fundamental requirements in such a way 
that engineers can select from the various joints offered the type that best meets their 
problem. However, it will be necessary for us to make some comment upon the 
discussions, lest we be understood as agreeing with them that such a radical departure 
from A.P.I. standards as they advocate is necessary. 

Everyone recognizes the value of an upset in strengthening casing joints. This 
was dealt with at some length when we pointed out that it is not difficult to make an 
upset joint as strong as the body of the pipe. Only 85 per cent efficiency is claimed for 
the special upset joint they discuss, so that joint efficiency must have been sacrificed 
to gain clearance. Since the upset is on the inside, internal clearance has also been 
reduced. If this is permissible, the efficiency of any A.P.I. joint can be improved 
from 14 to 20 per cent. Take as an example the 7-in. O.D. size. The tentative 
A.P.I. long thread and coupling standard has an efficiency of 71 per cent for this size. 
It is understood that this special joint secures an increase in wall thickness of 0.052 in. 
by means of the internal upset. Based on the effective thickness, that is, the thickness 
at the root of the first full thread, this represents an increase of more than 14 per cent 
on the heaviest weight—more on the lighter weights. Add this to the 71 per cent and 
the joint efficiency is 85 per cent, which is the figure claimed for the type of joint 
presented by Mr. Eaton and Mr. Frame. 

We have shown that the maximum clearance between strings, regardless of type 
of joint or thread employed, can be obtained by using a coupling of higher tensile 
properties than the pipe. It is obvious that a bell end formed as an integral part 
of the pipe made from grade C or grade D steel cannot be made as thin, without 
sacrificing strength, as can a coupling from steel of higher tensile properties. 

We are unable to check the difficulty in running casing as pictured by Mr. Eaton, 
but however difficult it may appear, it must be admitted that there has been virtually 
no trouble in meeting these conditions with casing made to A.P.I. standards. The 
slight trouble that has occurred resulted from joints damaged in handling. <A thin 
bell end made from relatively low-tensile material, and joints that depend upon an 
accurately machined water seal at the end of the thread, will probably be damaged 
much more easily than will A.P.I. standard joints. 

Of the total time required for raising the casing, setting spider slips, attaching 
elevators, and screwing up, the latter operation represents a small portion. Thus 
it is obvious that if this screwing up time were cut in half by doubling the taper a 
would affect the total time very little. On one actual test of such special casing the 
average running time per joint was figured as 2.65 minutes, which could be compared 
with 3.15 minutes per joint required for a somewhat larger size of casing with A.P.I. 
type threads that was set with great care in Gulf’s well, McElroy No. 103, and estab- 
lished the world’s record for long strings. 

Casing users are getting excellent performance from joints of the A.P.I. type, 
and we believe that all service conditions can be met without the necessity of going 
to rather complicated lathe-threaded designs. 


Efficiency of Flowing Wells* 


Summarized Results and Calculations of an Investigation in the 
Masjid-i-Sulaiman Field by the Anglo-Persian Oil Company, 
Limited 


By Ceci J. Mayt 
(Tulsa Meeting, October, 1934) 


THE importance of a knowledge of the physical laws involved in the 
production of oil from a reservoir has come to be generally realized in 
recent years and it is therefore unnecessary to elaborate on the many 
problems which still await complete solution. Among them the vertical 
flow of mixtures of oil and gas has attracted considerable attention and a 
number of papers have appeared in the literature from time to time. 
The complete solution of the problem would cover such aspects of oil-field 
technology as the calculation of bottom-hole pressures from purely 
surface data; the estimation of natural flowing lives; the design of gas-lifts 
and the selection of tubing for natural flow, and so on. It is still true, 
however, that the results so far published have not been particularly 
consistent and there are no generally accepted data available of universal 
applicability. It is, in fact, by no means easy to obtain a sufficiently 
wide range of variables under the operator’s control to determine the 
laws of flow without ambiguity and much of the published research 
has been directed towards the solution of the specific problems of indi- 
vidual fields representing only a partial treatment of the whole subject. 
It was with a similar object that work was commenced on the Masjid-i- 
Sulaiman field of the Anglo-Persian Oil Co. towards the end of 1930 and 
has since continued as opportunity offered. 

Of course, the results obtained cannot necessarily be applied dese here 
without modification and, in some cases, considerable extension. At the 
same time conditions in this field are somewhat unusual in allowing cer- 
tain aspects of the problem to be isolated and examined without the 
disturbing effects of a large number of independent or partially inde- 
pendent variables. For example, since the field is under unit control, it 
is possible to maintain steady conditions on any particular well over long 
periods. Moreover, the structure of the limestone reservoir is such that 
the gas-oil ratio for a given well is sensibly constant over very wide ranges 
of production rates, and in many cases the bottom-hole differential pres- 
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sure is negligibly small even at rates of flow of 10,000 to 20,000 bbl. or 
more per day. It is possible therefore to study experimentally, but on the 
full scale, flow in wells with a fluid of unvarying composition over the full 
range of pressures available in the field. Many of the experimental 
results, with a theoretical discussion, have already been published!, but 
it is felt that a satisfactory solution of this simple form of the problem 
may be of value in correlating results obtained under more complicated 
conditions, and it is rather from this point of view that the present paper 
is written. 


GENERAL EQUATION OF FLOW 


In the paper by May and Laird (footnote 1), the general equation of 
flow was given in the form: 


1 
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where the various symbols have the following meanings: 
dx, small increment in height in well, ft. 
dp, corresponding small change in pressure, lb. per sq. in. 
D, casing diameter, ft. 
A, casing area, sq. ft. 
w, weight of total fluid (i.e., oil + associated gas) passing through 
well per second, lb. per sec. 
p, density of oil, lb. per cu. ft. 
v, specific volume of total fluid at pressure under consideration, cu. ft. 
per lb. 
b, velocity of slip between gas and oil, ft. per sec. 
k, friction factor. 
From its method of derivation (of which limits of space do not permit the 
republication) this formula should be applicable to all conditions of flow, 
its numerical computation requiring a knowledge of the physical proper- 
ties of the fluid and of two more or less arbitrary factors. 


EFFECTIVE PROPERTIES OF FLUID 


Implied in this formula are the properties of the fluid which are 
effective in determining flow. The important properties of the oil itself 
are the density, viscosity and surface tension, all of which increase as the 
pressure falls in the well and gas comes out of solution?*. Our results 


‘May and Laird: Jnl. Inst. Petr. Tech. (1934) 214. 
> D. T. Jones: Proc. World Petr. Congress (1934) 1, 467. 
’Lindsly: Oil & Gas Jnl. (Jan. 1, 1933). 
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tend to show that this increase is unimportant as far as calculations on 
any one well are concerned, but it does not follow that oils of very 
different basic physical properties will behave in precisely the same way 
with regard, for example, to slippage. 

The other important quantity is the gas-oil ratio. As ordinarily 
measured, this is a combination of two factors: the gas actually held in 
solution in the oil under reservoir pressure, which we may term dissolved 
gas, and free gas drawn into the well from the formation. In Masjid-i- 
Sulaiman we are fortunate in that we are rarely troubled with free gas 
and the problem therefore is very much simplified. Considering, for the 
moment, only dissolved gas, it has been pointed out that the value 
obtained for the gas-oil ratio depends upon the method adopted for its 
measurement**; on whether the gas is removed from solution in a single 
flash or in a number of stages. The discrepancy is due, of course, to the 
fact that we are not in general dealing with a pure gas dissolved in a 
nonvolatile liquid, but with one of variable composition including the 
vapors of low-boiling liquid hydrocarbons. The temperature of separa- 
tion and the attainment of true equilibrium also require close attention 
if accurate and repeatable values are to be obtained, so that ordinary 
field measurements cannot be expected to provide more than a rough 
approximation. A considerable amount of work has been carried out in 
Persia on this subject from a number of different points of view. We 
require, for example, to calculate the optimum number of stages and 
pressures of gas separation to retain the maximum amount of volatile 
liquid hydrocarbons in the residual crude. 

From the point of view of reservoir control and the flow of wells the 
saturation pressure has been found of considerable value as an easily 
measured and unique property of a given reservoir crude. Ifa sample of 
oil is drawn from the bottom of a well, maintained at reservoir tem- 
perature, and the pressure slowly released, the saturation pressure is 
defined as that pressure at which gas is first evolved from solution. The 
use of this quantity avoids any ambiguity and considerably simplifies 
interpolation, as will be seen from the curves and nomograms given 
herewith. The saturation pressure varies from one point in the reservoir 
to another in a manner that has been discussed by Comins and Pym®? 
and to which space will not permit of further reference here. Once the 
law of distribution has been determined, however, it has been possible to 
consider very simply possible future variations. 

The effect of free gas represents a difficult problem with which we have 
not had to deal. The obvious solution that suggests itself is that the 


4 Reference of footnote 3. 

5 Comins: Proc. World Petr. Congress (1934) 1, 458. 
6 Reference of footnote 5. 

7 Pym: Proc. World Petr. Congress (1934) 1, 452. 
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gas should be employed as a nominal saturation pressure, and, for the 
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purpose of discussion, this will be 
assumed in what follows. 

Finally, it should be mentioned 
that in this work it is convenient 
to express gas-oil ratios in terms 
of the volume of gas associated 
with unit volume of oil rather 
than in some arbitrary unit such 
as cubic feet per barrel. Thus a 
40.1 ratio is equivalent to 225 cu. 
ft. per barrel, or (for Persian 
crude) to a saturation pressure of 
about 460 lb. per sq. in. absolute. 


AVAILABLE ENERGY 


If one attempts to calculate — 


the energy available from the 
expansion of this associated gas 
with falling pressure from first 
principles considerable complica- 
tions arise due to deviations from 


’ the simple gas laws. The neces- 


sary corrections are quite simply 
covered by the experimental meth- 
od used in the work at present 
under discussion. (See also ex- 
ample 3.) A sample of reservoir 
crude oil is drawn containing the 
whole of its dissolved gas under 
reservoir pressure®® The sample 
is held in a closed container over 
mercury and a pressure volume 
curve for the total oil + gas is 
determined experimentally by 
measuring the fall in pressure as 
known amounts of mercury are 
removed from the apparatus. In 
an actual flowing well the tempera- 
ture falls from the bottom upwards 


and is not a unique function of the pressure. However, we have found it 


8 Reference of footnote 1. 
® Reference of footnote 7. 
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sufficiently accurate for most practical purposes to assume that it is and 
have determined a suitable average pressure-temperature curve for a 
well in Masjid-i-Sulaiman (Fig. 1). In measuring our pressure-volume 
curves the temperature is adjusted to correspond to this average p-T 
curve. p-v curves are measured for a few samples of oil with different 
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Fic. 4.—PRESSURE-AVAILABLE ENERGY NOMOGRAM. 


saturation pressures and interpolation between them is then a simple 
matter. In Fig. 2 are shown a number of typical curves, v being expressed 
in the units cubic feet per pound of reservoir crude. 

The energy available on expansion of a fluid is 


p2 
-lb. per Ib. 
144 f” vdp ft-lb. per 
where p; and p2 are the stated pressure limits in pounds per square inch 


absolute. Simple graphical integration therefore gives Fig. 3, or the 
mere convenient nomographic form Fig. 4, where is plotted the energy 
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in foot-pounds per pound of reservoir crude between a given initial and 
any final pressure. 


* EXPERIMENTAL PRESSURE-DEPTH CURVES 


With a view to checking the calculated general equation of flow and of 
evaluating the unknown quantities therein, a number of experiments 
were carried out on a particular well using various rates of flow and flow- 
string sizes. The experiments consisted in measuring the pressure at 
various depths in the flowing well and the experimental points are plotted 
in Fig. 5 for the more important tests, the essential details of which are 
given in Table 1. The general equation of flow given above was then 


TasLE 1.—Details of Tests Plotted in Figure 5. 


Num | low pice As aka PO pert Gren oleae oy 
oer i. jeu Bt. per Sau a per Sa. ae a zw Head, 
ig. Gal. per Day} Bbl. per Day n. S. ow Hea t. per Sec. 
I 10 42,000 1,200 0.16 61 Deel 0.96 
II 10 106,000 3,030 0.39 74 4 :1 1.9 
Ill 10 554,000 15,800 2.12 91 2.5:1 7.4 
IV 64 28,000 800 0.26 72 4 :1 1.4 
We 64% 210,000 6,000 1.99 18-24 25. SL 52.0 
Vie 6% 370,000 10,600 3.5 19-22 22 :1 80.0 
VII 6% 520,000 14,850 4.94 82 Sse 20.0 
Vill 4 11,000 314 0.27 76-77 ae 1.4 
IX 4 42,000 1,200 0.99 89.5 PPE ON UE 3.5 
ese 4 315,000 9,000 7.8 21 Sek 74.0 


4 Flowing through bottom-hole bean. 


used with suitable values of the constants to calculate the full lines 
drawn over the plotted points in the figure. As is normally expected, it 
was found that at high rates of flow friction was the major cause of loss of 
energy, and at low rates slippage was the major cause; but it was also 
found that the two were never simultaneously of appreciable magnitude 
and at intermediate rates of flow all such energy losses became negligible. 
Under these conditions the last three terms of the general equation of 
flow can be equated to zero and we obtain simply 


144fodp = fdx 


or, in other words, the curves of Fig. 3 are actual pressure-depth curves. 
This is demonstrated by curves III and IX of Fig. 5, in which the full 
line is transferred direct from Fig. 3 and shows excellent agreement with 
the two sets of experimental results. At lower rates of flow it is neces- 
sary to consider only the effect of slippage in reducing the efficiency 
of flow. 
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SLIPPAGE 


The energy loss known as slippage is due to the tendency of gas to 
rise in the well faster than the oil. Its calculation is somewhat complicated - 
and considerations of space forbid its being reproduced here. The 
formula derived in a previous paper is 


144(o Es *) 
1440dp = dx + SeeP 


the important feature of which is the velocity of slip 6. According to 
Versluys!", there are two fundamentally different types of flow. In the 
first there is relatively more oil present than gas and individual gas 
bubbles rise through a continuous oil phase (6 = 0.6 — 1 ft. per sec.). 
As the ratio of gas to oil actually present at the pressure obtained in the 
well approaches 1:1, slippage decreases to a negligible quantity and then 
increases again as gas becomes the continuous phase and oil droplets fall 
through it (6 = 30 ft. per sec.). These he defines as the foam and the 
mist conditions. Our results are in general agreement with this concep- 
tion so far as the so-called foam condition is concerned. Putting b = 
approx. 0.5 in the above formula, the agreement shown in curves I, II, 
IV and VIII is obtained. The mist condition does not, however, occur 
as soon as the 1:1 gas-oil ratio is reached. On the contrary, a stable foam 
appears to be formed (as shown by the sharp break in each of these 
curves) in which the slippage loss is negligible and which persists up to 
gas-oil ratios of at least 5:1 and probably 10:1. At still higher expansion 
ratios surging sets in, due to the movement of alternate plugs of gas and 
foam up the casing (curves V and VI) but we have not succeeded under 
the conditions obtaining in Persia in determining the point at which true 
mist flow commences. The oil films in the stable foam are obviously 
approximately flat and not spherical, as is assumed as the basis of Ver- 
sluys’ argument. 

Even in fields in which mist flow is important our method of correcting 
for the energy loss due to slippage in the lower part of the well should 
still prove of value. From the above formula it is evident that the 


slippage is completely determined by the p-v curve and the quantity 
w 


Ab’ i.e.: 
: weight of reservoir crude in lb. per sec. 
area of casing in sq. ft. X velocity of slip in ft. per sec. 


 Versluys: T'rans. A.I.M.E. (1930) 86, 192; ibid. (1931) 92, 279; Jnl. Inst. Petr. 
Tech. (1933) 19, 694. 
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FLOW STRING DIAMETER PRODUCTION RATE SUP 


Vv 
Vv FACTOR A 
ACTUAL NOMINAL ane Fe. 
BBLS| 
10 8000 300 - 500,000 
1000 250 
6600 4 299 
0-0 
$ 5000 400,000 
150 
4000 on 
8 8 3000 100 
0:2 
2000 
: 50 03 200,000 
1000 0-4 
6+ 6% 
25 oe 
6% 20 
500 ‘ , 
5% Is 0-6 100,000 
5 
10 0-7 
80,000 
0:8 
5 60,000 
aot 0-9 
50,000 
1-0 40,000 
3 
20,000 
2 


Fic. 6.—SLIpPAGE CORRECTION. MULTIPLY SLIP FACTOR BY SATURATION PRESSURE. 
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It appears that if i is greater than 100, the total energy loss due to 


slippage in the foam condition amounts to not more than a few foot- 
pounds per pound of oil, and this, therefore, provides a convenient limit 
in the design of suitable flow strings. Thus, for example, a 4-in. string 
has a cross-sectional area of 0.087 sq. ft.; taking b = 0.5 for M.i.S. oil, . 
we have for the limiting case 


w 
0.087 X0.5 100 or w = 4.35 Ib. per sec. 


= approx. 1250 bbl. per day. 


At any rate greater than 1250 bbl. per day through a 4-in. flow string, 
therefore, slippage can be entirely neglected, with our particular oil. A 
further simplification arises from the fact that foam slippage ceases 
abruptly at a point in the well that usually is some distance from the 
surface. In order to calculate the pressure drop over the whole well, 
therefore we only require to know the fotal slippage loss, whieh is a 


function only of the saturation pressure and 4 (6 being assumed con- 


stant). A nomogram (Fig. 6) shows this relationship; the slippage 
correction read from the diagram is simply added to the depth of the well 
‘and Fig. 4 is then used to calculate the pressure drop. (See example 2.) 
It should again be mentioned that we have no information whatever on 
the subject of mist slippage, which so far has not entered into any of our 
practical calculations; and some doubt may also be expressed as to the 
validity of extrapolating our results to cover very small flow strings. 


FRICTION 


According to the ordinary theory of fluid flow, the energy loss due to 
friction is proportional to the velocity and to the viscosity of the fluid 


at low values of the Reynold’s criterion (422) and to the square of the 


velocity and independent of the viscosity at high values. It is by no 
means easy to ascribe a rational value to the viscosity of a heterogeneous 
mixture of gas and oil, and in the only detailed experimental work 
previously published on the subject a purely empirical eq.” is used for the. 
calculation of friction loss!” 


uUpZ 18 
a i 


AP,;, = 0.00125 


where AP;, is the friction loss, wu the velocity, p the density and Z the 
viscosity of the oil phase. ‘There seems to be no theoretical justification 


11 Moore and Schilthuis: Trans. A.I.M.E. (1933) 103, 170. 
” Reistle and Hayes: U.S. Bur. Mines R. I. 3211 (1933). 


“CASING DIAMETER d” 


NOMINAL 
ACTUAL 


z 
6 «@ o 
' ze ae 4 2 
oY] Xa one 
FE} +00 a> 
U fe) 
rae) ta 
PRODUCTION & =< 
RATE 150 3) 


° 
x 


BARRELS 1000 GALLONS 
PER DAY PER DAY 2:80 
06 
28 
23,000. om 
22000. 5 i 
21,000 0. 264 
20000, 285 
19.000 
0-4 266 
18000 O38 
17000 2 2.87 
16000. 034 
15000 03 
14000. 0-3 2-68 
13000 0-26. 
12000 0-2 
2-89 
11,000 0:24 
10,000 
o2 
9000 
0. 
8000 019 
0-16. 
7,000 0:17 291 
ae ole. 
: 0-15 
5000 aM 
0-13 
4,000 oF 
Ol 
Ol 
3,000 05 
“Ss 
08 
07 
2,000 


2-93 


1,000. 


025, 


02 204 


Fiq. 7.—FRICTION CORRECTION. 


Above saturation pressure, use figures in last column. ais ; 
Between saturation pressure and pressure 0.161 p, + 12 use friction correction 


multiplied by saturation pressure. 


Below pressure 0.161 pz 


+ 12 use standard formula. 


ST ree 
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for such a formula and we in fact find that at high rates of flow the 
ordinary formula holds: 
2ysy2 
dW. = are 
where k is a constant independent of the velocity. (It should be observed 
that the value of k depends upon the relative roughness of the pipe and is 
slightly different for different diameters.) 

If the two formulas given above are compared they will be found to 
give approximately the same numerical result at a velocity of 1 ft. per 
sec. It is necessary to go to a velocity of some 4 ft. per sec. before the 
friction loss on our formula amounts to as much as 1 per cent of the total 
energy; therefore we feel that, although derived from experiments at 
high velocities, the formula can be used for all practical purposes over 
the whole range. Curves VII and X, Fig. 5, were calculated on this basis 
with added correction for velocity head; in curves V and VI the apparent 
spread is due to surging. 

For the purposes of calculation, it will be evident that the calculated 
flowing pressure of a well will be greater if we neglect friction than if 
friction is included. It would be possible to plot the difference between 
these two pressures for various conditions of flow in the form of a nomo- 
gram. This would however be somewhat complicated and a simpler 
form is shown on Fig. 7. Advantage is taken of the fact that below 
about 120 lb. per sq. in. the p-v curves are very nearly true hyperbolas 


0.0141p, : : 

= - for M.i.8. oil. 
Over this range it is therefore possible to integrate the general eq.” of 
flow to give 


and are represented by the formula v = 


dt 0.0141°p."4kw?| |” 
X = 72 X 0.0141p, X 2.3| lows (p —) gDA? tp 


23D gDA? 
Sk | loss oe Hae pay. 


where X is the depth of the well and the last term is the velocity-head 
correction discussed below. 


A nomogram is therefore constructed to cover the friction correction 
at high pressures and the formula is used at low pressures. An example 
of the method of calculation is given below (example II). 


VeLocity Hap 


At very high rates of flow it is necessary to apply a correction for 
velocity head which follows normal theory. We have 
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U2 vw? 
i Ws = 94 = Ogdt 
whence 
dW. SS aia aa” 


(The application to the calculation of the maximum throughput of a 
bean on the lines of the ordinary steam-jet theory has been discussed in a 
previous paper but is too long to be included here.) 

It is only rarely necessary to apply this correction, since it is barely 
measurable even with a velocity at the flow head of 20 ft. per sec. At 
such rates slippage is absolutely negligible and the eq.” of flow becomes 


vw2dv | 4kv?wdx 
dK = 1440dp = dx + rae iy ES 


A See see a vw2dv 
1 4 thew? ‘ Akv2w? 
+ GDA? Pt AD Ae 


The last term on the right-hand side is the velocity-head correction and 
in integration yields: 


2.3D »  gDAN|" 
~232| logu( « + dbo?) |), 


PracticaAL APPLICATIONS 


or 


See example 2. 


A few examples illustrating the use of the methods and nomograms 
described are appended. They represent actual experimental data 
obtained on the field. 

Example 1.—Well A. Depth, 3088 ft.; casing, 10 in.; production 
rate, 2380 bbl. per day; flowing pressure, 49.5 Ib. per sq. in. abs.; sat.” 
press., 524 Ib. per sq. in. abs. To calculate the bottom-hole pressure. 

The production rate is so low that there is no appreciable friction. 
On the slippage-correction nomogram (Fig. 6) take a line through 10 in. 
on the left-hand scale and 2380 bbl. per day on the middle scale. On the 
right-hand scale read a slip factor of 0.42. Multiply by the saturation 
pressure to give the slippage correction: 0.42 x 524 = 220. Total 
energy required in well is therefore 3088 + 220 = 3308 ft.-lb. per lb. 
Turn to the nomogram, Fig. 4. Take the point where the curve p = 49.5 
cuts the circle p, = 524 and join to the center; extend the line and read 
3950 on the outer circle. This corresponds with the flow head; .”. join 
the center to the point 3950 —3308 = 642. On the circle p, = 524 read 
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the pressure p = 680 Ib. per sq. in. abs. (actually “measured pres- 
sure = 684 lb.). — 

Example 2.—Well B. Depth, 2100 ft.; casing, 4 in.; production 
rate, 9000 bbl. per day; flowing pressure, 41.5 Ib. per sq. in. abs.; sat.” 
press., 465 Ib. per sq. in. abs. To calculate the bottom-hole pressure. 

This example is rather more complicated. There is no slippage but 
considerable friction and velocity head (it represents, in fact, curve X, — 
Fig. 5). To begin with the nomogram, Fig. 7 gives the friction correction 
down toa pressure of 0.161p, + 12; in this case 0.161 X 465 + 12 = 87 lb. 
per sq. in. abs. Between this pressure and the flowing pressure of 
41.5 lb. we use the formula: 


2m _2. 2 Pr 
P72 C041. 0C23)| ken GO ee 
gDA? ha 


2.3D 2 gDAT 
8k toss» s alt 
4kw? : fin aiiear 
The value of gDA? read from the nomogram is 132 and k for 4-in. pipe is 
0.0025. The formula therefore reduces to: 
(87 — 5)2+ 0.01412 X 4652 x a 


(41.5 — 5)? + 0.0141? X 465? X 132 


_ 2.3 X 0.33) J0.186? + }i32 
8 X 0.0025 “8 | 0.08? + 30 


_ XK =72X 0.0141 x 465 X 2.3 logo} 


The value of v corresponding to the flowing pressure (v = 0.186) is read 
from Fig. 2. 

The arithmetical solution of this equation is = 250;i.e., the pressure 
is 87 lb., 250 ft. below the 41.5-lb. pressure point (this can be checked on 
the curve x, Fig. 5).. Between this pressure and saturation pressure, if 
there were no friction, the corresponding depth in the well would be 
1800 ft. from the curve of Fig. 3. 

From Fig. 7 the friction correction is 0.68 (scale reading corresponding 

2 
to Tap = 132) 0.68 X 465 (saturation pressure) = 316 ft. Between 
87 lb. and 465 lb. per sq. in. abs., the corresponding depth in the well is, 
therefore, 1800 — 316 = 1484 ft. 

Above saturation pressure there remains therefore 2100 — 1484 — 
250 = 366 feet. 

Again, from the last column of Fig. 7, the lift per pound pressure drop 
at this particular rate of flow is 2.79 ft. per lb. Therefore 366 ft. corre- 
sponds to 131 lb. per sq. in. and the bottom-hole pressure is 465 + 131 = 
596 lb. per sq. in. abs. (actual observed pressure, 600 Ib. per sq. in.). 
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Kxample 3—Well C. Depth, 2118 ft.; casing 10 in.; production 
rate, 12,000 bbl. per day; flowing pressure, 90 lb. per sq. in.; bottom-hole 
pressure, 546 lb. per sq. in. To calculate the saturation pressure. 

The nomograms, Figs. 6 and 7, show that both friction and slippage 
are negligible. On Fig. 4 take a vertical Jine passing through p = 546 
(the variation with saturation pressure in this region is small). Read 
off 1020 ft. in the outer circle. Add the depth of the well and obtain 3138. 
Take a line from the center to 3138 and where it cuts the p = 90-lb. line 
read off the saturation pressure 495 lb. per sq. in. absolute. 

Many variations of these methods are possible and suggest themselves 
in the course of ordinary field work. They have been applied in Masjid-i- 
Sulaiman to the calculation of pressure drops over a very wide range of 
conditions, and, provided that flow is steady, the maximum divergence - 
from the experimental figure has been equivalent to about 2.5 per cent 
of the total energy used in the well; in the great majority of cases the error 
is less than 1 per cent. 

Considerations of space have made it impossible to do more than give 
a very brief outline of the subject in the present paper, but it is hoped that 
it will serve the purpose of stimulating discussion on an extremely 
important topic. 
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Some Economic Aspects of Gas-solubility Investigations 


By AuEexaNnpER B. Morris* 
(Tulsa Meeting, October, 1934) 


Strupies such as the investigations into the solubility of gases in 
crude oil under various conditions, which have been carried on during 
the past three or four years, are very interesting from an academic point 
of view, but this consideration alone is hardly sufficient to warrant the 
large contributions from the industry necessary to maintain them. 
Some definite benefit to the industry as a whole should be forthcoming. 
The purpose of this paper is to direct the attention of company engineers, 
and company executives, to some of the ways in which the information 
. gained from these studies can be made directly profitable. 

This work has two principal economic aspects. One affects the 
investment budget, and through it the financial requirements of the 
companies. The other affects operations, and through this course is 
reflected in current earnings. It will be shown that, as a direct result of 
the investigations into gas solubility, undertaken in the recent past by 
various investigators, it is now possible: 

1. To determine more accurately the amount of reservoir oil origi- 
nally present. 

2. To obtain closer control on operating conditions, to effect more 
economical recovery. 

3. To predict earlier and more dependably when and how much 
surface lifting equipment will be needed. 

4. To reduce, or entirely avoid the very large investment in gasoline 
recovery equipment now frequently found necessary. 

5. To control the gravity of the pipe-line oil so as to secure the greatest 
possible revenue from the products of the well. 

6. To effect the recovery of a large amount of gasoline now wasted 
while the practicability of a gasoline recovery system is being decided. 

7. To plan operations, by comparison with the history of old prop- 
erties operated without this new information, so as to avoid the mistakes 
of ignorance made in the past. 

These points will be discussed in the following pages, though not 
necessarily in the order stated. There is so much overlapping of the 
points themselves, and of the data from which they have been drawn as 
conclusions, that to treat them in any particular order would require 

Manuscript received at the office of the Institute Sept. 26, 1934. 

* Petroleum Engineer, Tulsa, Okla. 
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tiresome repetition of many of the facts presented. It wasmore practical 
to present the data in as concise a form as possible, pointing out during its 
discussion its application to the primary purpose of this paper. 

During the past three or four years much time and labor have been 
expended” in efforts to determine the solubility of natural gas in crude oil, 
under various conditions of pressure and temperature. The early. 
attempts resulted in conclusions that apparently were considerably at 
variance, and it was not until Lindsly’s work? with Oklahoma City and 
several California crude oils that definitely consistent results were 
attained. Lindsly pointed out that the apparent differences between the 
findings of these earlier investigators resulted from a failure on their part 
to duplicate natural conditions by choosing as working media gases con- 
taining no condensible components and oils containing none of the 
lighter fractions, including permanent gases. 

By securing well-head and bottom-hole samples of oil with the 
gas actually in solution at the pressures prevailing at the sampling 
points, working media were obtained which contained all components, 
from the lightest to the heaviest, in their natural proportions. By 
liberating this dissolved gas in pressure steps, and analyzing each cut 
liberated, it was possible to construct curves for each of the crude stocks 
chosen, which showed the amounts of the ‘‘gas’’ components remaining 
in solution at each pressure. Lindsly’s results, at the same time that 
they provide much new material for study, reconcile the varying con- 
clusions of the other investigators in this field by pointing out the reasons 
for their differences. 

The practice of taking bottom-hole samples early in the life of a well, 
and periodically thereafter, provides information as early as the second 
sampling, for determining with a degree of reliability never heretofore 
even approached, the total amount of oil originally present in the reser- 
voir. It provides numerical values for several of the constants in Cole- 
man’s formula’. The study of cores has had its emphasis changed. The 
role of porosity as a measure of reservoir space appears to be less signifi- 
cant than permeability. Pressure studies of the gas released from solu- 
tion by differential liberationt show the amount of natural energy 
available for recovering the oil; and analyses of the several cuts show 
the composition of the gas that may be expected to be present in the gas 
cap at any lower pressure. 

With this information it is now possible to appraise a pool within 
a few months of its opening, determining not only the quantity of oil 
in the reservoir but obtaining at the same time a guide to development 
and production programs. The validity of these results is impaired by 
the presence of water drive as a source of energy; so that where this 


* References are at the end of the paper, 
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condition exists its effect must be compensated for in the calculations. 


Unfortunately, complete information on the extent of water drive is 
never available until too late in the life of a field to be of any particular 
value. Where, however, there is no evidence of water drive, Coleman’s 
formula and the values of the constants furnished by bottom-hole 
sampling yield very satisfactory results. The approximate date upon 
which wells will cease natural flow can be closely set for any given pro- 
duction rate, and the production rate resulting in the most economical 
recovery can be determined. The amount and kind of lifting equipment 
can be closely estimated long before it is needed, thus avoiding large 
emergency expenditures to keep the wells on production. 

The study of the analyses of the gas released from solution at various 
pressures below initial reservoir pressure will also reveal when and to 
what extent a gasoline plant in the field would be practicable. Lindsly’s 
work at Oklahoma City and at Crescent, Okla.*, furnishes data, further 
discussed below, which indicate that with proper facilities for receiving 
the oil from the well, a large part or even all of the gasoline-plant equip- 
ment now generally considered necessary can be avoided. 

The ability to make such determinations early in the life of a field is 
of great value to the executives responsible for providing funds for 
development and operation. If a sale of an interest in a property is 
contemplated, estimates of value can be made which are free from many 
of the elements of uncertainty that now detract from the reliability of 
such calculations, especially where heavily prorated wells are involved. 
Where bottom-hole sampling has been conducted, the full results of these 
tests should be demanded by the prospective purchaser, before his 
engineers make a recommendation of value. With such data available, 
a higher price can with safety be paid for prorated new production than 
would be justifiable in their absence. 

It is not necessary here to make a computation from Coleman’s 
formula to show how the estimate of the original oil is prepared. The 
equation is complicated and the definitions of the quantities are necessarily 
long. The formula has been adequately illustrated by several numerical 
examples in the original presentation*®. Instead, let us consider how 
bottom-hole sampling coupled with the gas-solubility data thus obtained 
may be used to govern operations and to predict investment requirements. 
Table 1 reproduces a part of Table 3 from Lindsly’s report® on a bottom- 
hole sample taken at Crescent, Okla. This sample was taken at an 
original pressure of 2575 lb. per sq. in. absolute, and the original reservoir 
pressure was computed to have been 2829 lb. per sq. in. abs. Let it be 
assumed that this sample actually had been taken upon completion of the 
well, and that the computed initial reservoir pressure had been the 
pressure actually observed. Let it be further assumed that some months 
after this initial sampling another sample was taken, at which time the 
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observed bottom-hole pressure had dropped to 2575 lb. per sq. in. abs. 
We would expect to find that the gas-solubility data derived from this 
second sample would closely check with line 2 of Table 1. If they failed 


TaBLE 1.—Solubility of Gas and Estimate of Solubility Based on Complete 
Saturation of Reservoir Oil, at 149° F. 


(Portion of Table 3, from Lindsly’s Report of Experiments on Bottom-hole Sample at 
Crescent, Okla.) 


Estimate Based on Complete Saturation at 
2829 Lb. per Sq. In. Abs. 
Total Gas, Cu. Ft. per 
Bbl. Residual Oil 


Pressure, Lb. per 
In. Ab: 


ae “ Cu. Ft. per Bbl. Initial | Cu. Ft. per Bbl. Residual 
haan " Oil Oil 


In Solution | Liberated | In Solution | Liberated | In Solution | Liberated 

2829 642.10 00.00 877.0 00.00 
2575 814.03 00.00 589.53 52.17 814.03 72.97 
2144 678.99 135.04 492 .06 150.04 678.99 208.01 
1666 551.87 262.16 399.94 242.16 551.87 335.13 
1223 442.95 371.08 321.01 321.09 442.95 444.05 
813 319.60 494.43 231.61 410.49 319.60 567.40 
354 184.44 629.59 133.37 508.73 184.44 702.56 
101 102.62 711.41 74.37 567.73 102.62 784.38 

14 00.00 814.03 0.00 642.10 00.00 887.00 


to check within reasonable limits, it would indicate that the liberation of 
gas from solution in reservoir oil does not approximate differential 
liberation, as has been stated by Lindsly. Assuming that a check was 
obtained, the probability that a third test, taken at, say, 2144 Ib. per sq. 
in. abs. would agree with line 3 of Table 1, obtained from the first sample, 
would be tremendously increased. A third test at 2144 lb. per sq. in. 
abs. would then provide enough points for plotting a “bottom-hole 
pressure decline curve,’”’ using bottom-hole pressure against time and 
against total withdrawals to date. Extrapolation of these curves would 
indicate what reservoir pressure might be expected at any date in the 
future at the present production rate, or after the withdrawal of any 
stated amount of oil. 

Reference to the analyses of the several samples will indicate the 
amount and composition of the gas remaining in solution at each pressure 
interval, the available energy of the solution gas, and the composition of 
the gas in the gas cap. Adequate data are thus available for controlling 
the rate of production to effect the most economical recovery, and for 
forecasting the amount and kind of gas-lift or pumping equipment best 
suited to the needs of the case, and when it will be needed. 

No proper operating program would now contemplate tapping the 
gas in the gas cap, so that a knowledge of the composition of this gas 
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corresponding to various pressures is of no help in determining the 
‘practicability of a gasoline plant at some future date. Unfortunately, 
the experiments that have been made thus far do not show the composi- 
tion of the gas released by flash liberation‘, between pressure Pm and P, 
after the pressure on the oil has been reduced from the original reservoir 
pressure to Pn, the gas in this range having been liberated differentially. 
However, there are records? of two samples of gas from a well at Oklahoma 
City, one taken from the high-pressure separator and the other from the 
low-pressure separator. The conditions of liberation are as shown in 
Table 2. 


TaBLE 2.—Conditions of Liberation 
To Which Was Subjected the Oil from Which Escaped the Gas Taken 


— From From 
Pressure Range ~ High-pressure Low-pressure 
Separator Separator 
From initial reservoir pressure to bottom-hole pressure Mixed? Mixed? 
From bottom-hole pressure to well-head pressure, 
TLO3ib.. per: sqyamy abs ee .25 a 8. ceteris See eek Flash Flash 
From 1103 to 265 Ib. per'sq. in. abs...............--. Mixed Mixed 
Fromi265 to 1G lb“ per aquine abs ss. er era ene Differential 


2 Large amount of free reservoir gas present, introducing elements of flash liberation. 


The well-head pressure was 1103 lb. per sq. in. abs., and a pressure of 
265 lb. per sq. in. abs. was held on the high-pressure separator. The oil 
from this separator discharged into the low-pressure separator, on which a 
pressure of 16 lb. per sq. in. abs. was held. Initial reservoir and bottom- 
hole pressures are not shown, but the latter was probably greater than 
2000 lb. per sq. in. Examination of the analyses of these gases reveals 

that the gas from the high-pressure separator contained substantial 
amounts of propanes and butanes, but that no pentane or heavier com- 
ponent is shown. The gas from the low-pressure separator contained 
much less methane and ethane, more butane, and substantial amounts of 
pentane. No fractions heavier than pentane are shown in the published 
data, but an adjustment has been made for this apparent inaccuracy, as 
hereafter described. 

For the purpose of investigating the bearing of these experiments 
upon gasoline-plant installation, I have reconstructed from the analyses 
of the several gases liberated from solution under different pressure 
conditions, the types of commercial natural gasoline that could be 
extracted from each, assuming that all components of the gas heavier 
than iso-butane were completely recovered, and no components lighter 
than normal butane were recovered. These are shown in Table 3, and 
the gases from the two separators discussed above are shown on lines 
8 and 9. In reconstructing these gasolines it has been assumed that the 
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heaviest component shown in the gas analysis contained also all heavier 
components up to nonane, in proportion to their vapor pressures at 30° C.; 
and that the butane component was composed of iso-butane and normal 
butane in the proportion of 1:2. Only normal paraffin hydrocarbons 
were assumed to be present. 

Line 8 of Table 3 shows the probable characteristics of the gasoline 
extractable from the gas from the low-pressure separator at this Oklahoma 
City well, assuming that all the N-butane present in the gas was con- 
densed. This is not a commercial product, but by reducing the N-butane 
content to 25 per cent by weight, a product having the probable character- 


Tas.E 3.—Comparison of Computed Properties of Iso-butane-free Natural 
Gasolines, Which Might be Extracted from Gases Liberated from 
Solution under Various Pressure Conditions 


Percentage by Liquid 
Volume 
ADDOX. |S — a Percentage 
M. | Gal. (ee Vapor Distilled 
Gal. | Cu. | pe it Pressure Off 
per | Ft. | M. De at 100° F., Hexane 
Day | per | Cu. | 4 py] Lb. per N- |Pen-| and 
Day | Ft. “| Sq. In. | Butane | tane | Heav- 
Abs. ier 
At At 
100° F. | 140° F. 
Crescent Well, 42.1° A.P.I. Oil 
Separator gas: 
1. Using all N-butane in gas..... 1,672] 466 |3.58 | 98.2 | 32.54 47.2 | 31.7) 21.1 72 87 
2. N-butane reduced to 25 per 
MOUS Waicisiets acres. Sys sin, sin(ela/bieras 834) 466 |1.79 | 93.1 24.75 27.0 43.8) 29.2 51 82 
Gas from bottom-hole sample 
liberated above 101 Ib. per sq. 
in. abs: 
3. Using all N-butane in gas..... 277| 342 |0.81 |107.9 | 44.13 90.9 7.2| 1.9 | Cannot estimate 
4, N-butane reduced to 25 per 
ONT Where rde ces a atessir afelo «oars ox 9| 342 10.026) 95.2 18.96 26.9 57.0} 16.1 Cannot estimate 
5. Another gasoline............ 17| 342 |0.049/100.4 24.93) 51.5 37.3} 11.2 Cannot estimate 
Gas from bottom-hole sample 
liberated between 101 avd 14 
Ib. per sq. in. abs: 
6. Using all N-butane in gas..... 411} 50 |8.21 | 98.6) 33.30 48.4 | 33.5) 18.1 77 91 
7. N-butane reduced to 25 per 
BNE Whinecs siete» ceiaes det 196} 50 {3.91 | 94.1 24.30 26.8 | 47.3) 25.9 57 87 
Well “D” Oklahoma City 43° A.P.I. Oil 
Low-pressure separator gas, 16 Ib. 
per sq. in. abs.: 
8. Using all N-butane in gas..... 2.31 | 99.3} 36.18 56.2 | 23.2) 20.6 | Cannot estimate 
9. N-butane reduced to 25 per 
WONG Wier ce otha c oie Mela Rele sales 0.78 | 93.1 23.72 26.9 | 38.8] 34.1 46 74 
Gas from well-head sample, differ- 
ential liberation 283 to 15 Ib. 
per sq. in. abs: 
10. Using all N-butane in gas..... 2.44 |102.3 | 38.38 60.7 | 27.5) 11.8 | Cannot estimate 
11. N-butane reduced to 25 per 
PONG WU cae tak Aes teldice aitatsls% 0.65 | 94.9 | 24.60 26.8 || 51.5) 21.7 64 92 
12. High-pressure separator gas, 
265 Ib. per sq. in. abs......... a Contains only traces of pentane and heavier 


Sus nn nnn ttt dtEdEEE EES 
@ Very high gas-oil ratio, possibly as high as 10,000 cu. ft. per barrel, due to presence of much excess free reservoir (7) gas. 
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istics shown in Table 3, line 9, is obtained. An approximation of the 
Engler distillation curve of such a gasoline is shown in Fig. 1, curve 4. 
This distillation curve and others prepared from similar analysis data 
have been constructed by reference to Pocock and Blair’s* analysis 
chart for natural gasoline. 
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Fic. 1.—ENGLER DISTILLATION CURVES, CORRECTED FOR LOSS AT LOWER END. 


CurRVE TaBLe LINE 
. Actual run of drip gasoline from Glenn pool, taken from drip 300 ft. from vacuum £ 
station, 
. Actual run of drip gasoline from Glenn pool, taken from drip 1500 ft. from vacuum 
station. 
Actual run of drip gasoline from Glenn pool, taken from drip 1200 ft. further from 
vacuum station, on same line as yielded curve 1 5 
. Constructed from analysis, gasoline from low-pressure separator gas, Oklahoma City 3 
. Constructed from analysis, gasoline from separator gas, Crescent well. 3 
. Constructed from analysis, gasoline from gas differentially liberated from 101 to 
14 lb. Crescent well. 3 
. Constructed from analysis, gasoline from gas differentially liberated from 283 to 
15 lb. .Oklahoma City, same well as curve 4. 
. Actual run of test car make. Gas tested 10.65 gal. per M. cu. ft. just after drip gaso- 
line shown in curve 1 came off, and before drip shown in curve 3 came off 
. Actual run of 56.6° A.P.I. straight-run gasoline made from 38° A.P.I, Oklahoma 
City crude oil; 91 per cent off at 391° F.; end point 423° F. 
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Table 3, lines 10 and 11, shows the characteristics of the gasoline 
that might be extracted from the gas from this same well, released by 
differential liberation between 283 and 15 lb. per sq. in. abs., after th 
gas had been released by flash liberation between a bottom-hole pressure 
of 2000 lb. per sq. in., more or less, and a well-head pressure of 1103 lb. 
per sq. in. abs., and differentially from this latter pressure down to 283 lb. 
per sq. in. abs. The product obtainable from this gas if all the N-butane 
in the gas is condensed is not a commercial product (line 10), but by 
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reducing the N-butane content to 25 per cent by weight, a commercial 
product of characteristics shown in line 11 is obtained. An approximate 
distillation curve for such a gasoline is shown in Fig. 1, curve 7. 

It is interesting to see the difference between the gasoline that might 
be extracted from the low-pressure separator (Table 3, line 9) and that 
which might be extracted from the gas from the sampling bomb (Table 3, 
line 11). When flash liberation extended all the way down to 265 lb. 
per sq. in. abs., the gas escaping from solution between 265 and 16 lb. 
per sq. in. abs. would produce a commercial gasoline of approximately 
24 lb. vapor pressure having 34.1 per cent by liquid volume of hexane and - 
heavier components. When differential liberation prevailed throughout: 
the entire range of pressure drop between well-head pressure and atmos- 
phere, the resulting gasoline having approximately the same vapor pres- 
sure would contain only 21.7 per cent by liquid volume of hexane and 
heavier components. The net yield, in gallons per 1000 cu. ft. of each of 
these productsis about the same: 0.78 gal. per 1000 cu. ft. for the separator 
gas, and 0.65 gal. for the bomb gas, but differential liberation resulted in 
retaining in the oil sufficient hexane and heavier material to reduce the 
percentage of these components in the gasoline from 34.1 to 21.7 per cent. 

Table 4 shows the results of analyses of gas from the separator and 
from the bottom-hole sampling bomb at the well in the Crescent field. 
The data on the separator gas were furnished by the operator. The 
data on the bomb gas were taken from Lindsly’s® paper on these experi- 
ments. There was approximately 28 per cent more gas per barrel of oil 
escaping from the separator than was released by differential liberation 
from the bottom-hole sample. Since it is unlikely that any free reservoir 
gas was escaping from the well, this difference may be in part accounted 
for by the fact that the gas-oil ratio attributed to the separator gas was 
determined from field measurements of both gas and oil, which are not as 
accurate as the careful laboratory measurements to which the bomb 
sample was subjected. Table 3, lines 1 to 7, sets forth the probable 
characteristics of gasolines extractable from the gas from this well under 
different conditions of liberation from solution. If all the N-butane in 
the separator gas is condensed a large quantity of a very wild product is 
obtained (Table 3, line 1). If the N-butane content of this gasoline is 
reduced to 25 per cent by weight, a commercial product (Table 3, line 2) 
is obtained, having 29.2 per cent by liquid volume of hexane and heavier 
components. When differential liberation is applied throughout the 
entire pressure range, the gas liberated between 101 and 14 lb. per sq. in. 
abs. yields a commercial gasoline having 25.9 per cent by liquid volume of 
hexane and heavier; but the quantity of this gasoline is less than one- 
quarter of that obtained from the separator gas. Thus differential 
liberation throughout the entire range from bottom-hole pressure to 
atmosphere has resulted in retaining in the oil 79 per cent of the hexane 


124 SOME ECONOMIC ASPECTS OF GAS-SOLUBILITY INVESTIGATIONS 


and heavier components that were removed from solution in the oil by 
flash liberation of the gas. Approximate distillation curves of these 
two gasolines are shown in Fig. 1, curves 5 and 6. The gas released by 
differential liberation above 101 lb. per sq. in. abs. yielded only traces of 
any kind of gasoline (Table 3, lines 3, 4 and 5): 


Tase 4.—Analyses of Gas Released from Solution under Different Pressure 
Conditions, Well at Crescent, Oklahoma 


Gas from Bomb Gas—Differential Liberation® Excess of Separator Gas 
Separator@ over Bomb Gas 
senda Relase oie 
omponen 
PerGant Cad tere =e) Os 
per Bbl. B Compo- i 
Vv ae sata Above pene rae relied Residual Biya t ec 

10: Lb.) “ia Lb Test |igestb.| Of fo 

per Sq. ver Sq, Conditions per 

Ea ANE Ae In. Abs, 
O, N, and COz..| 0.0158 17.1 |0.0158 | 0.0000 {0.0158 13.86 13.37 3.73 0.0151 
CHa. ose. cs 0.6850 739.8 |0.72763| 0.00996 |0.73759| 646.87 623.84 115.96 | 0.4704 
CaBleiies.. aceon «a 0.0677 73.0 |0.06231| 0.03852 |0.10083 88.43 85.28 (12.28) 
Caligs sis cia cieasie 0.1045 112.9 |0.03053} 0.03902 |0.06955 61.00 58.82 54.08 0.2194 
Tso-butane..... . 0.0226 24.4 |0.01048} 0.00812 |0.01860 16.31 15.73 8.67 | 0.0352 
N-butane....... 0.0546 59.1 |0.02097| 0.01625 |0.03722 32.64 31.48 27.62 0.1121 | 0.1121 
CHAS cs ccccy 0.0319 34.5 |0.00586] 0.00971 |0.01557 13.65 13.16 21.34 0.0865 | 0.0865 
(Oh1s SyARoeeeeiee 0.01251 13.4 |0.00030} 0.00316 |0.00346 3.03 2.92 10.48 0.0425 | 0.0425 
CyHieebax.-ae= 0.00392 4.2 {0.00005} 0.00098 |0.00103 0.90 0.87 3.33 0.0135 0.0135 
Cais cect 0.00124 1.3  |0.00001) 0.00031 |0.00032 0.28 0.27 1.03 0.0042 0.0042 
CoHiga. oceans 0.00033 0.3 0.00003 |0.00003 0.08 0.03 0.27 | 0.0011 0.0011 

Totals 72th. 1.0000 1080.0 |0.87394) 0.12606 |1.00000) 877.00 845.77 246.51 1.0000 0.2599 


: 2 Operator's records, measured at 60° F. and 14.65 lb. per sq. in. abs. Hexane and heavier component assumed to con- 
tain compounds in proportion to their vapor pressures at 30° C. 


> B. E. Lindsly: Experimental Results from a Bottom-hole Sample, Crescent Pool, Oklahoma (In course of publication) 
maesured at 70° F. and 14.4 lb. per sq. in. abs. Hexane and heavier component broken down as above. pi 

¢ Operator reports gas-oil ratio as 1080 cu. ft. per barrel based on tests prior and subsequent to experiment. Lindsl 
records approximately 900 to 1000 cu. ft. per barrel. Gas from separator shows 28 per cent more volume than a saeune 
from solution by differential liberation on basis of operator's records; 18 per cent more on basis of Lindsly’s a ds. Of 
excess of separator gas over bomb gas, 25.99 per cent is N-butane and heavier. eee 


Mills and Heithecker? have shown that the gravity of crude oil can 
be substantially increased by increasing the amount of gas dissolved in it: 
and Lindsly has found that differential liberation of gas over a wide oe 
sure range, by retaining in solution more of the lighter liquids while the 
fixed gases are removed, results in raising the gravity of the residual oil— 
that is, the oil in tanks—by from 1° to 3° A.P.I. Whereas it is not 
possible in practice to subject bottom-hole oil to differential liberation 
throughout the entire pressure drop, it is possible to approximate these 
conditions by multiple trapping. Thus, two separators can be installed 
at a well, which produces under single trapping, oil having a gravity of 
say, 38° A.P.I. If the pressure on the high-pressure separator is pated 
at about 200 lb. and that on the low-pressure separator at about 10 bie 
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very little, if any, of the pentanes and heavier components of the gas-oil 
mixture will escape in the gas discharged from the high-pressure separator. 
See Table 3, lines 3,4 and 5. The result is that more of them will be left 
in solution when the oil is discharged from the low-pressure separator. 
Such a procedure might readily raise the gravity of the oil more than 
1° A.P.I. and mean considerable additional revenue to the property. _ 
However, if the gravity of the oil under single trapping is already above 
40° A.P.I., there is no advantage in retaining still more of the lighter 
components in solution. It would be better to weather off the crude to a 
minimum gravity of 40° A.P.I. and sell the vapors thus produced to a 
gasoline plant, thus gaining revenue from the part of the original crude for 
which no premium is paid under present schedules. 

An adaptation of multiple trapping is suggested in Fig. 3, in which 
an old bubble-type absorber is shown substituted for the low-pressure 
separator. The oil from the high-pressure separator is discharged into the 
inlet port of the absorber, into the top of which some of the gas from the 
high-pressure separator is expanded to furnish refrigeration. An old 
oil-field-type boiler forms the kettle for this stabilizer, and permits the oil 
to be heated if necessary. Enough pressure is assumed to be held on 
the absorber to throw the stabilized oil into the stock tanks. The 
remainder of the high-pressure gas is disposed of without further treat- 
ment, and the gas from the top of the absorber is delivered to the gasoline 
plant for treatment. This arrangement would cost very little, since 
nearly all companies have idle absorption equipment and old boilers on 
hand; and it would result in the delivery to the pipe line of a crude oil 
from which all of the permanent gases had been removed. ‘The vapors 
thus made available for gasoline extraction will contain a much greater 
percentage of hexane and heavier components than where ordinary 
double trapping is in practice. Such vapors, sold to an outside gasoline 
plant, would command a higher royalty rate than could otherwise be 
obtained; and it is probable that even the gas from the low-pressure 
separator, where two are used, would command a higher rate of royalty 
than well-pressure gas. Thus even the operator who has not sufficient 
production in a field to warrant the installation of his own gasoline plant 
can derive some benefit from the reduced investment necessary on the 
part of the owner of the gasoline plant. 

One of the most regrettable sources of waste in the early development 
of a property is the enormous volume of gas that is often vented to the air 
without treatment, while the management is trying to decide how large 
a gasoline plant to install, or whether or not to install one at all. Often 
from one to three years is required to reach this decision. There is always 
a great risk in building a gasoline plant in a new field, in that if it is built 
to handle all the gas available in the flush period of production a large 
part of this investment will be idle after this period has passed. A 
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system of multiple trapping, or the stabilizing adaptation here suggested, 
would solve this dilemma. Small gasoline-extraction equipment could be 
installed very early in the life of the field, designed to treat only the gas 
discharged from the low-pressure separators. As conditions changed 
with declining production and gas volumes, and it became no longer 
_ feasible to continue double trapping, all the gas could be turned through 

the plant. By this time, however, the total volume of gas would probably 
not be greater than could easily be handled with the plant already in 
place, so that all of the investment in gasoline-extraction equipment could 
be kept active throughout the entire period of its existence; and all the 
gasoline that now is wasted to the air from new properties could be saved 
without risk of overbuilding the gasoline plant. 

Royalty owners, lease operators and gasoline manufacturers would 
thus benefit directly and largely. It is a curious fact that the large 
quantities of gasoline that are allowed to escape during the early life of a 
field are viewed with so little concern, whereas very substantial sums are 
continually being expended in improving plant recovery efficiency to 
effect an increase in recovery negligible in comparison. 

A much greater reduction in gasoline recovery facilities is possible 
than is indicated by the consideration of gas volumes alone. In absorber 
design provision has to be made for absorbing all the propanes and iso- 
butane from a mixture very rich in methane and ethane. The low-pres- 
sure separator gas contains relatively small amounts of methane and 
ethane, so that the propanes and the iso-butane are in higher concentra- 
tion. Oil circulation, still and dephlegmator capacity and cooling 
capacity therefore can be still further reduced. 

Another possibility that is suggested by the arrangement shown in 
Fig. 3, which would be practicable as long as there was a considerable 
volume of gas being discharged from the high-pressure separator, is the 
use of this gas to drive a compressor operating upon the gas from the low- 
pressure separator or the crude stabilizer. The high percentage of 
propanes and iso-butane in the low-pressure gas would make this pecul- 
iarly suited to vapor-phase stabilization. The expansion of the surplus 
high-pressure gas would provide refrigeration for knocking back the 
propanes for reflux purposes, and the heat of compression of the low- 
pressure gas would probably supply all the heat needed to operate the 
system. A gasoline plant of this nature could be installed at very small 
cost, as soon as sufficient gas became available to run one unit; and would 
represent a still further reduction in gasoline recovery equipment below 
the present conventional minimum. 

In further illustration of the points raised by these solubility investi- 
gations, there are submitted some data dealing with a lease in the Glenn 
pool, in Creek County, Oklahoma. Fig. 2 gives a partial production 
history of this property. It is a lease of 160 acres in the central part 


a | os A ——- ie 
ALEXANDER B. MORRIS 127 


of the field, and was fully developed prior to 1910. Vacuum was applied 
in 1913, and in 1928-29 approximately 26 in. of vacuum had been held on 
the wells for upward of 12 years. Production conditions have been 
practically uniform throughout the whole field for many years. The 
“plant yield’”’ curve shown on Fig. 2 is the yield of the gasoline plant in 
the field, which took the gas from this lease along with about 20 times 
as much more gas from other nearby leases. 
The most interesting point developed from Fig. 2 is the shape of the 
“plant yield’ curve. The gas from this field increased in richness for 
several years after vacuum was applied, then rapidly declined from a peak 
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Fig. 2.—PARTIAL PRODUCTION HISTORY OF GLENN POOL LEASE, FROM WHICH DRIP 
GASOLINE SAMPLES SHOWN IN TABLE 4 WERE OBTAINED. 


Plant-yield curve is from gasoline plant running gas from this lease along with 
other Glenn pool gas. Note increase in plant yield and subsequent decrease, indicat 
ing complete exhaustion of light fractions. 


of about 13 gal. per 1000 cu. ft. to a present rate of a little over 6 gal. 
per 1000 cu. ft. In the light of the recent studies under discussion, this 
condition would indicate: 

1. The exhaustion of the original gas in the gas cap above the oil. 
This gas was released from solution differentially, and contained rela- 
tively large amounts of methane and ethane. As it was withdrawn from 
the gas cap, subsequent increments contained greater and greater pro- 
portions of the heavier components. j 

2. The removal from the reservoir oil-of a large amount of the lighter 
fractions, which would have remained in solution at the reservoir tempera- 


ture had not vacuum been applied. 
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3. The exhaustion from all the remaining oil of practically all of the 
permanent gases, so that the proportion of the heavier components which 
these gases will carry away from a heavy oil mixture is severely reduced. 


During the period of declining plant yield in this field there was observed 


a growing disparity between the theoretical gallons indicated by the sum 
of the products of the test yields at the various meters by the correspond- 
ing gas volumes, and the theoretical gallons indicated by tests at the plant 
master meter. The field tests were always in excess of the master meter 
test, and this difference was not compensated for by the collections of 
drip gasoline. This condition led to the study in which the drip gasoline 
data offered in Table 5 were collected. 

In Fig. 1, curves 1, 2 and 3 show actual Engler distillations of three 
samples of drip gasoline collected on one day from three drips on the Glenn 
pool lease referred to above. Curve 8 is a distillation of the test-car make 
from gas from the A wells. Approximate analyses of these gasolines, 
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Fria. 3.—SUGGESTED MODIFICATION OF DOUBLE TRAPPING AT WELL, TO CONTROL 
GRAVITY OF OIL IN TANKS. 


E Leste 7 5. Stock tanks. 

. High-pressure separator. 6. Gate on bypass. 

3. Bubble-type absorber, for stabilizer. 7. High- i 

4. Oil-field type boiler for stabilizer Felice. a8 
kettle. 8. Vapor line from kettle to stabilizer. 


inferred by reference to Pocock and Blair’s analysis chart, are shown in 
Table 5, lines 4, 5, 6 and 8. This gas was tested at a point about 300 ft. 
from the vacuum station, and about 10 ft. downstream from the drip 
wherein was collected the drip gasoline shown in Fig. 1, curve 1. The 
test at this point was 10.65 gal. per 1000 cu. ft. About 1200 ft. farther 
downstream from the test point was located the drip from which the 
sample shown in Fig. 1, curve 3, was collected. The upstream sample 
was too heavy to have its characteristics included within the limits of the 
analysis chart for natural gasolines. The downstream sample was just 
light enough to fall on the chart, and an approximate analysis is given in 
Table 5, line 5. The drip gasoline shown in Fig. 1, curve 2, Table 5, line 
6, was obtained from a drip located about 1500 ft. from the varus 
station serving the B wells on this same property. 
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These analyses and distillation curves show the kind of material that is 
being pulled out of the Glenn pool crude as a result of the long-continued 
application of high vacuum. The gravity of the crude from this field has 
dropped from about 38° A.P.I. in the early life of the field to between 
33° and 34° A.P.I. at present. These samples of drip gasoline condensed 
in the line at 10 in. of vacuum and at 45° F. The value of this liquid 
to the operator is greater as crude oil than it is as natural gasoline. This 
condition has prevailed for several years, and bids fair to continue. 
Were the Glenn pool being developed in 1934, instead of having been 
developed in 1908, it is hardly likely that an investigator in 1960 would 
find that the drip gasoline that was then condensing in the lines would 
have an initial boiling point of 100° F. and over. 


TABLE 5.—Disiillation Characteristics and Inferred Analyses of Some Drip 
Gasolines from a Property in Glenn Pool, Okla., with Some Data on 
Gas in That Field 


Percentage 
Percentage by es 
Liquid Volume | Distilled 
M. Gal. | Gray- mail 
Gal. Cu. per ity Point 
pets Ft. a Deg. na: Desk 
ay’ per u. 6] Butanes, B 
Day? | Ft.2 ay Pentane Herane pat vats F. 
nd - 
Tichters Heavier4| F.o | Fb 
Gas going to gasoline plant 
from lease: 
1. Group A wells........ 552 53.4] 10.33 
2. Group B wells........ 408 46.7) 8.73 
RD OUALSre aes ic sie pe uksir 960 | 100.1} 9.59 
Drip gasoline: (¢) 
From ‘A” wells: 
4, Caught 300 ft. from 


vacuum station..... 56 66.3 | Cannot estimate 0 11.0} 3138 
from chart 
5. Caught 1500 ft. from 
vacuum station..... 107 3 (O287| 9.0177) 7ar38 6 24.5) 292 

From “B”’ wells 
6. Caught 1500 ft. from 


vacuum station..... 219 70.4 /11.0)16.9) 72.1 6.5) 20.0} 272 
Total drip gasoline: 382 
7. Total gasoline from 
HESSS eee reearer sce o¢ 1,342 
8. Test-car make, gas 
from ‘A’ wells 
tested 310 ft. from 
vacuum station..... 10.65) 87.0 |28.5/39.0} 32.5 50.0) 77.5) 236 


Initial gravities of oil in Glenn pool, 38° to 39° Bé. Gravities in November, 1927, 33° to 35° 
A.P.I. This lease yielded 11,900 gal. of drip gasoline in the month of November, 1927. 

@ Plant records, field measurements of gas, and actual settlement test of gas. 

© Special distillation tests of drip gasoline, January, 1928. 

¢ Special gages of drip gasoline from this lease, November, 1927. Drip condensed at 45° F. and 
10 in. of vacuum from gas drawn from wells at 26 in. vacuum. 

4 Inferred analyses using Pocock and Blair's analysis chart for natural gasolines. 
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A comparison of the inferred analyses® of this drip gasoline produced 
by wells long subjected to high vacuum (Table 5) with the analyses of | 
the reconstructed gasolines made from gas from wells still under high 
natural pressure (Table 3) shows the very high percentage of hexane and 
heavier fractions, 73 per cent in the drip gasolines as compared to 29 to 
34 per cent in the others. The distillation curves of these two groups of 
products form two distinct groups on Fig. 1. It is interesting to note 
that the test-car make, Fig. 1, curve 8, from Glenn pool gas displays a 
distillation curve closely agreeing with the curves of the lighter group. 
The wide spread between the distillation curves of these two groups 
bears out the findings of the recent studies, pointing to selective solubility. 

There is still much work to be done along these lines, which may be 
counted upon to be well worth its cost in money and effort; and it is 
hoped that this paper will suggest some new points for future investiga- 
tion, as well as fulfill its patent purpose of pointing out the advantages 
already accrued. 
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DISCUSSION 
(H. H. Power presiding) 


D. L. Karz,* Bartlesville, Okla. (written discussion)—Mr. Morris points out 
seven specific directions in which fundamental information such as gas solubility may” 
be of economic value to the petroleum industry. Most of these items involve large 
quantities of money, but if the fundamental studies would reliably solve one of the 


* Research Department, Phillips Petroleum Co. 
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seven problems the cost of the investigation would be returned many fold. As 
research can assist in solving all of these problems, more attention and investment 
should be made in that direction. 

One explanation of the lag of practical application of much of this fundamental 
work to crude oil production is the large amount of information necessary to properly 
handle a complex mixture such as crude oil. Often a research program must include 
preliminary work that cannot be directly applied, indicated in Mr. Morris’ paper. 
Several of the items mentioned may be reliably treated but others require more funda- 
mental study. For example, Mr. Coleman and coworkers presented their method 
of calculating oil reserves in 1929. I have read no publications enlarging and applying 
this method since that time. It has been only recently that data have been made 
available that would permit reliable estimates of this nature. Deviations of gaseous 
mixtures from ideal gases, as presented by Dr. Lacey and coworkers, and shrinkage 
values of reservoir crudes with gas liberation, which Mr. Lindsly has been finding, are 
a prerequisite for reliable prediction of oil and gas reserves. 

The operation of the equipment for stabilizing the crude oil (Fig. 3) also illustrates 
the need of fundamental study. The economical advantage of the stage separation 
of gas from crude oil depends on equipment cost, maintenance of operation and 
separations accomplished. Could a man in the past have predicted the most economi- 
cal operating conditions and equipment for such a procedure with any degree of 
precision? The behavior of methane in crude oil mixtures and deviations of other 
constituents from Raoult’s law at high pressures even now are not fully evaluated. 
Data for the vaporization characteristics of the volatile constituents of crude oil, and 
methods of calculating fractionating equipment, are only in process of development, 
and little attention has been paid to the analyses of the liquid phase as well as the gas 
phase in studying separation problems. 

In return for the efforts of the fundamental investigators who have had to take 
the long road to the economic utilization of their results, there have appeared many 
advantages, not all of which have been contemplated. Crude analyses and equilibria 
data provide the necessary tools for predicting the gasoline content of the vapor 
in the flash vaporizations mentioned in the paper. Also, gravities of the crude under 
any series of vaporizations may be predicted by this method. These tools make it 
possible to calculate many of the results previously obtained by long experiments. 
This improvement will facilitate the application of fundamental knowledge to the 
economic problems of the industry. 

The predicting of the practicability of installing a gasoline plant in a field from a 
knowledge of the gas and gasoline vaporizing from a bottom-hole sample is an improve- 
ment over previous methods. However, an analysis of the bottom-hole sample along 
with vaporization calculations will give more readily the desired information. This 
method is more adaptable to general use and will be worth the extra effort required to 
develop it. 

The application of our knowledge of the behavior of crude and gas mixtures to 
the economic problems of the industry should be stimulated in the direction Mr. 
Morris has shown us. No doubt many of the problems he discussed have been solved 
for individual cases by scattered investigators in the industry. The pooling of 
information and ideas will gradually make it possible for the industry as a whole to 
receive the economic benefits. 

Only men who have had the experience of applying fundamental information to 
practical problems in the production industry realize the large gaps in our knowledge 
of the fundamentals. For this reason I should like to encourage the industry to 
continue basic investigations, which seem to be apart from immediate economic 
application. The value received from utilizing this information in the future in 
solving such problems as Mr. Morris has outlined will more than repay the industry. 
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Memper.—What maximum pressure would the author recommend? 


A. B. Morris.—I had in mind the analysis of ,the gas contained in well D in 
Oklahoma City field submitted by Mr. Lindsly. It contained only traces of com- 
mercial gasoline. The determination of the best pressure would have to include a 
study of each particular pool and well. From the data submitted by Mr. Lindsly, 
I cannot see that the double high stage accomplishes any more than the single. The 
volume of gas to be handled probably would never pay out an investment. 


R. J. Scuuravis,* Houston, Texas.—As the author points out, the investigations 
on the advisability of the installation of vapor recovery systems are usually postponed 
until, figuratively speaking, the ‘‘horse is stolen.”” Studies on subsurface samples of 
oil and gas would shed a great deal of light, very early in the life of a field, on whether 
or not a vapor recovery system would be profitable. i 

One of the most important questions in such investigations, particularly where 
the A.P.I. gravity enters into the price paid for the crude, concerns the effect of the 
recovery system on the gravity of the crude. It might be possible that in some 
instances the profits accrued through the vapor recovery system would be entirely 
overbalanced by a lowering of the gravity of the crude, so that the crude would 
fall into a lower price bracket. 


A. B. Morris.—The general feeling is that as much gasoline is allowed to go 
to waste in the early life of a field as is recoverable later on. 


MemsBer.—The necessity of getting bottom-hole samples early in the life of a pool 
should again be stressed. If more attention were paid to the constitution of the 
hydrocarbons of the gases and to bottom-hole samples, time and money would be 
saved. 


A. H. Power, {t Tulsa, Okla.—Several years ago, Mr. Morris and I were engaged in 
the estimation of oil reserves; in particular, the value of casinghead gas contracts. 
His paper now under discussion presents new methods supplementing the old whereby 
gasoline yields from casinghead gas may be estimated for various periods in the 
decline of oil wells. Solubility data are particularly valuable in the early stages of pool 
development when plans are being laid for the construction of gasoline plants. An 
estimate of the probable gasoline reserves is essential to the design of plants of correct 
size and type to adequately process casinghead gas at a maximum profit over the life 
of the field. In various ways, Mr. Morris has exhibited the practical uses to which 
solubility investigations can be economically applied. / 


* Humble Oil & Refining Co. 
} Petroleum Engineer, Production Dept., Gypsy Oil Co. 


Fundamental Operating Pressures in Oil-gas Reservoirs 


By Evcrene A. SrepHenson,* Memppr A.I.M.E. 
(Tulsa Meeting, October, 1934) 


In November, 1932, Dr. Lacey, of the California Institute of Tech- 
nology, presented before the American Petroleum Institute some of the 
results of his research under Project 371. The investigations described 
dealt particularly with changes in the physical properties of petroleum 
that result from the solution of natural gas therein. 
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Fia. 1.—Sonusitiry or Santa Fr Sprines DRY GAS IN VARIOUS CRUDE OILS. 
100° F. and pressure 2000 Ib. per sq. in. (After Lacey.) 


The solubility of Santa Fe Springs dry gas, containing 87 per cent 
methane, 8 per cent ethane and 5 per cent propane, had been determined 
in various crudes at 100° F., and 2000 lb. pressure per square inch 
as shown in Table 1 and Fig. 1 herewith. Originally the computations 
were made in terms of cubic feet per barrel, but for a more uniform basis 
of comparison the results are also shown as cubic feet of gas® per cubic foot 


of oil. 


Manuscript received at the office of the Institute Feb. 19, 1935. 

* Professor of Petroleum Engineering, Missouri School of Mines and Metallurgy, 
Rolla, Missouri. 

1W. N. Lacey: Practical Benefits of Pressure Maintenance in Petroleum Produc- 
tion. Oz2l Weekly (Jan. 9, 1933) 68, No. 4, 19. 

? Unless otherwise stated, the volume of the gas, wherever mentioned in this paper, 
is measured at 14.73 lb. per sq. in. and 60° F, 
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Tasie 1.—Solubility of Santa Fe Springs Dry Gas in Various Crude Ozls 
At a Temperature of 100° F. and a Pressure of 2000 Lb. per Sq. In. (After Lacey) 


Solubility 


Gravity, 
De 


Source of Oil Z. , 
AS Pek Cu. Ft. per | Cu. Ft. per 
Bbl. Cu. Ft. 


389 69.28 


Sugarland, Tex... 5 qc ace <i ogee ee aie eee 27.1 : 
Vates TeX ir oycicts pupa oleae cheat ater nee ie eae 29.9 401 71.42 
Ventura; Calit ten. tee. tens oc Lacie ieee tear Sear Rect te 29.5 402 71.60 
BartlesvillesOklajaccss. eect sera eee 3227 418 74.45 
Seminole(Oklan,liasdatesach tet. dar ole 36.0 437 77.83 
*Ganta. He, Springs, Calit gern aries eee Ve ae 33.2 454 80.86 
Tuma... OMIO Rocce sien eae a sce ee 38.0 464 82.64 
Bradtord), Pan. ccs. cao ere eect Heer ene 45.4 522 92.97 


Previous investigations along similar lines, but through more restricted 
pressure ranges, had been made by Beecher and Parkhurst*, Dow and 
Calkin‘*, and several others®, and some of these results, together with those 


TaBLE 2.—Compositions of Gases Used in- Experiments Represented in 


Figure 2 
a 
Graph No. 14 2 3 4 5 6 


Lindsly Beecher- Dow- Beecher- Frolich- 


Investigator Parkhurst Lacey Calkins | Parkhurst | Tauch, et al 


Gravity of oil, deg. 
UN SA ees Steen ooo 35.4 33.2 31.0 35.4 Gas-oil 


CL Ste. aos ae oe 6. 52.0 87. 98.3 8 


5 100 
5 


« This graph shows only the volume of methane in the solution; at the maximum 
pressure the total quantity of dissolved gas had the composition indicated. 


°C. E. Beecher and I. P. Parkhurst: Effect of Dissolved Gas Upon the Viscosity 
and Surface Tension of Crude Oil. Petr. Dev. and Tech. in 1926, A.I.M.E. (1927) 
51-69. 
4D. B. Dow and L. P. Calkin: Solubility and Effects of Natural Gas and Air in 
Crude Oils. U.S. Bur. Mines R. I. (1926) 2732. 
5D. B. Dow and C. E. Reistle, Jr.: Absorption of Natural Gas and Air in Crude 
Petroleum. Min. & Met. (May, 1924) 336. 
B. E. Lindsly: Preliminary Report on Bureau of Mines Investigation Regarding 
the Solubility of Natural Gas in Crude Oils. Trans. A.I.M.B. (1931) 92° 251-978. 
P. K. Frolich, E. J. Tauch, J. J. Hogan and A. A. Peer: Solubilities of Gases in 
Liquids at High Pressure. Ind. & Eng. Chem. (1931) 23, No. 5, 548-550. 
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of Dr. Lacey, are shown in Fig. 2. The composition of the gases and the 
character of the oils used in the experiments are given in Table 2. 

Dr. Lacey and his associates also extended the work of previous 
investigators and studied the relation between pressure and solubility of 
Santa Fe Springs dry gas throughout a pressure range extending from 


FEET PER CUBIC FOOT 


CUBIC 


————EXTRAPOLATED 


500 1000 1500 2000 2500 


PRESSURE — POUNDS PER SQ: IN. 
Fig. 2.—SOLUBILITIES OF VARIOUS GASES IN CRUDE OILS. 


atmospheric to approximately 2500 lb. per sq. in. The oils used were 
Santa Fe Springs crude, Crystal oil, ‘and several others, and parts of 
the results have been published through various media‘*. 

The particular physical properties of the oil-gas solutions investigated 
by Dr. Lacey and his associates included surface tension, viscosity, and 


6 W. N. Lacey, B. H. Sage and C. E. Kircher, Jr.: Phase Equilibria in Hydro- 
carbon Systems, III.—Solubility of a Dry Natural Gas in Crude Oil. Ind. & Eng. 


Chem. (June, 1934) 26, 652. 
B. H. Sage, W. N. Lacey and J. G. Schaafsma: Phase Equilibria in Hydrocarbon 


Systems, IV.—Solubility of Propane in Two Different Oils. Ind. & Eng. Chem. 
(August, 1934) 26, 874. 
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specific gravity, through the same temperature and pressure ranges as the 
solubility studies. d 

Interest in the published graphs led to an inquiry requesting specific 
data, to which Dr. Lacey most generously responded’ with two 
sets of pressure, solubility-viscosity data at 100° F., and one set at 
140° F. Similar data for 200° F. were included, but because of the 
tendency of some of the liquid to pass into the vapor phase at this 


TABLE 3.—Solubility of Santa Fe Springs Gas in Santa Fe Springs Crude 


2 5 Solubility, Volume of Gas (At 
Absolute Viscosity, 60°F. and 14.73 Lb. per Sq. In., per 


Pressure, Lb. per Sq. In. illipoises* Thi Vole et Of) 


EXPERIMENT No. 1, at 100° F. 


0 44.3 0 
270 35.3 10.8 
621 26.8 . 24.9 
790 22.8 Ss ear 

1014 20.9 40.7 

1339 16.7 53.7 

1615 14.7 64.8 

2022 12.48 81.1 

2427 10.88 97.4 
Experiment No. 2, ar 100° F 

0 44.3 0 
274 38.9 11.0 
470 31.4 18.9 
857 25.2 34.4 
959 22.7 38.5 

1209 18.9 48.5 

1363 16.7 54.7 

2275 iG 91.3 

2444 11.0 97.8 
EXPERIMENT No. 3, ar 140° F. 

0 24.35 0 
330 ; 21. 80-22 .00 10.8 
566 17.76-17.8 18.5 
767 16.12-16.5 25.1 

1142 13. 25-13 .6 37.4 
1550 : 160-105 70 50.7 
1886 10,8 —10.9 61.7 
2209 9.9 -10.25 72.3 


ee OEE eee eee 


« The underlined figures are those designated by Dr. Lacey as most accurate. 


7 Personal communication, 
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temperature their accuracy was not considered by Dr. Lacey on a par 
with the 100° F., and 140° F., studies, and they are not shown herewith. 
Table 3, shows the data provided by Dr. Lacey; the relations between 
pressure and solubility for the two temperatures used are shown in Fig. 3. 
In order to facilitate a more thorough study of the viscosity-solubility 
phenomena, empirical equations based on these data have been developed, 
which express the relations between viscosity and either the pressure or 


PRESSURE VS SOLUBILITY 
4-8 @ cor —TEPERMENT 18 
OLUMES @ eas AND 14.73 LB.PER SQ.IN. 


OIL VOLUMES @ 60) 
DATA ae BY W.N. LACEY 


al 
fal ee Laie 
spepeoeesecae 
Ebel 


ieee 
Be meee eee 


[oa ees LO M2 IS ae ISIE TPIS Ge 20) (2) (220 239724 225) 
pees = HUNDREDS OF POUNDS PER SQ. IN. 


Fig. 3.—SOLUBILITY OF SANTA FE SPRINGS DRY GAS IN SANTA FE SPRINGS CRUDE OIL. 


the quantity of gas dissolved per unit volume of oil. One such equation, 
which fits the experimental data closely, takes the following general form!: 


b 
7 8G (1 
where y = viscosity in millipoises and x = solubility in cubic feet of 
gas per cubic foot of oil. 

The values of the parameters in these empirical equations are as 
follows: 


Ar 100° F. Ar 140°F. 
a= 1.85 1.275 
b = 382.8 454.3 
c= 119.3 153.8 


Hence the equations for the experimental results are: 


382.8 


At 100° F. y= 1.85e6 + 19-3) [2] 
_ 454.3 
At140°-F) y= 12752 FEE ®) [3] 


Curve A-B of Fig. 4 shows the smoothed curve of equation 2 and 
curve C-D shows the smoothed curve of equation 3. 


8 The writer is indebted to Mr. E. S. Burnett of the U.S. Bureau of Mines for 


_suggesting this form of equation. 
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The rate of change in viscosity per unit change in quantity of dissolved 
gas is obtained by differentiating these equations, and the results have 
the general form: 


e 
dy io 1b eiGre lu by 
dz («+o2 ~ (+o)? [4] 


The values of these functions are shown by curves E-F and H-K of 
Fig. 4. 

Corresponding values of pressure, solubility, viscosity and rate of 
change in viscosity are shown in the Table 4. The values in the first 
half of Table 4 have been chosen arbitrarily from the graphs at intervals 
corresponding to pressure changes of 250 lb. per sq. in.; they are equiva- 
lent to intervals of 10 cu. ft. of dissolved gas per cubic foot of oil. 


TasBLE 4.—Values Corresponding to Graphs of Figure 4 


Es : é Peer bos Rate of Change in Vis- 
Pressure, Lb. per Solubility of Gas, Viscosity, Millipoises . asl 
Sq. In. Abs. | Cu. Ft. per Cu. Ft. (Calculated) con te. 
382.8 
z+ 119.3 


At 100° F., y = 1.85¢ 


0 0 AGS 7 1.229 
250 10 35.8 0.819 
500 20 28.9 0.570 
750 30 24.1 0.414 

1000 40 20.5 0.309 
1250 50 Perl On2 Sines 
1500 60 15.6 0.186 
1750 70 13.9 0.148 
2000 80 Pe Ghee 0.121 
2250 90 TES 0.100 
2500 100 10.8 0.086 
454.3 
z+ 153.8 
At 140° F., y = 1.275e 

0 0 24.36 0.467 
305 10 20.40 0.345 
610 20 17.34 0.261 
915 30 15.05 0.202 

1221 40 (3.20 0.160 
1526 50 11.81 0.129 
1831 60 10.65 0.106 
2136 70 9.69 0.088 
2442 80 8.87 0.074 
27464 90 8.21 0.063 
3051 100 7.65 0.054 


« Extrapolated, 
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INTERPRETATION OF RESULTS 


Bearing in mind the limited scope of the experimental work, the 
hazards of general conclusions are well known, particularly where extra- 
polation of the curves might be attempted, or other temperatures con- 
sidered. It is therefore emphasized at this point that the results are 
purely a laboratory study involving a relatively simple gas, one oil and 
but two temperatures, that oil-field gases are, as Lindsly has shown’, 
far more complex and that the phase relationships are only partially 
known. Hence the interpretations apply only to these particular cases. 

However, the significant conclusion that can safely be drawn from 
these experiments and their mathematical analyses is, that at high pres- 
sures, or with large quantities of gas already dissolved per unit volume of oil, 
unit changes in pressure have extremely small effects upon the physical 
properties of the oil, while much more pronounced effects are caused by 
similar pressure changes at low pressures. These results can be viewed 
either from the standpoint of repressuring operations or from the stand- 
point of pressure reduction in a newly discovered pool. 

For example, with the particular oil and gas used by Dr. Lacey, at 
100° F. and approximately 2500 lb. per sq. in., a change in pressure of 
25 lb. causes one cubic foot of gas to escape from or go into solution in one 
cubic foot of oil. The resultant change in the viscosity is only 0.085 milli- 
poise. At 1500 lb. per sq..in., a change in pressure of 25 lb. causes a 
similar change in the amount of dissolved gas per cubic foot of oil, but 
the change in viscosity is 0.19 millipoise. At 750 lb. per sq. in., the same 
changes in pressure and solubility alter the viscosity 0.41 millipoise. 
At 250 lb. per sq. in., the corresponding change in viscosity is 0.82 milli- 
poise. Expressed another way, the viscosity of Santa Fe Springs crude 
at 100° F. can be reduced 50 per cent (from 44.7 to 22.4 millipoises) by 
dissolving 35 equivalent volumes of Santa Fe Springs dry gas in it, but in 
order to reduce the viscosity another 50 per cent (from 22.4 to 11.2 milli- 
poises), 65 more equivalent volumes of gas must be forced into solution, 
at a pressure of nearly 2500 Ib. per square inch. 

Similarly at 140° F. and 2440 lb. per sq. in. a change in pressure of 
30.5 lb. per sq. in. is accompanied by a change in the solubility of the gas 
of one cubic foot per cubic foot of oil, and the resultant change in viscosity 
is 0.074 millipoise. A similar change in the amount of dissolved gas at 
pressures of approximately 1500 Ib. per sq. in. causes a change in viscosity 
of 0.18 millipoise. At a pressure of 750 lb. per sq. in., the viscosity change 


* B. EH. Lindsly: Solubility and Liberation of Gas from Natural Oil-Gas Solutions. 
U.S. Bur. Mines Tech. Paper 554 (1933). 

10 Similar results were reported by D. T. Jones: The Surface Tension and Specific 
Gravity of Crude Oil under Reservoir Conditions. World Petroleum Congress, 
July 19-25, 1933. 
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that accompanies the 30.5 lb. pressure change is 0.236 millipoise. At 
250 lb. per sq. in., the corresponding change in viscosity is 0.35 millipoise, 
or five times as much as at 2440 lb. Expressed as above, 46 cu. ft. of gas 
are required at 140° F. to reduce the viscosity by 50 per cent (or from 24.3 
to 12.2 millipoises), while 162 additional cubic feet (extrapolated value) 
would be needed to bring about a further 50 per cent reduction in 
the viscosity. 

To carry the illustrations a little further, a pressure drop from 2500 
to 2000 Ib. per sq. in., at 100° F., produces an increase in viscosity of 
1.7 millipoises (from the viscosity that is approximately that of water at 
60° F.), but a similar drop from 1000 to 500 lb. per sq. in. increases the 
viscosity 7.4 millipoises, or 4.3 times as much. At 140° F., a drop of 
600 lb., from 3000 lb. per sq. in., increases the viscosity 1.25 millipoises, 
but the drop from 1200 to 600 lb. per sq. in. increases it 4.09 millipoises. 

Graphs A-B and C-D of Fig. 4 indicate that a rise in temperature of 
40° F. has practically the same effect on the viscosity of the oil as the 
presence of approximately 30 to 35 cu. ft. of dissolved gas, and that the 
rate of change and the total change in viscosity for a given pressure or 
volume of gas is much less at the higher temperature. 

From the practical standpoint it is well to keep steadfastly in mind 
the fact that viscosity is a measure of internal friction", that doubling 
the viscosity means doubling the internal friction, and hence, other 
things being equal, twice as much work will be required to move a unit 
weight of the more viscous oil through a given distance and a given cross- 
sectional area of sand. Where low rates of flow are involved, permea- 
bility is proportional to both velocity and viscosity”, and since the 
specific gravity of the oil also rises as the volume of dissolved gas falls, 
both viscosity and gravity increase (unless compensated by volumetric 
changes) tend to increase the amount of work that must be performed 
in moving a unit volume of oil through a given distance. 

Further, the gases that escape from solution in the oils at high pres- 
sures carry larger proportions of the lighter constituents than those 
which come off at lower presures!*. Since a relatively simple gas has 
been found to exert a pronounced influence on the physical properties 
of the associated oil, it is reasonable to anticipate that some of the 
heavier, more soluble hydrocarbons, such as propane, butane, etc., will 


1 R. D. Wyckoff, H. G. Botset, M. Muskat and D. W. Reed: Measurement of 
Permeability of Porous Media. Bull. Amer. Assn. Petrol. Geol. (1934) 18, No. 2, 


161-190. 
G. H. Fancher, J. A. Lewis and K. B. Barnes: Some Physical Characteristics of 


Oil Sands. The Pennsylvania State College Bulletin, Bull. 12 (1933) 65-168. 

12 R. D. Wyckoff, H. G. Botset, M. Muskat and D. W. Reed. Reference of foot- 
note 11, 162. ; 

18 B. E. Lindsly: Solubility and Liberation of Gas from Natural Oil-gas Solutions. 
U.S. Bur. Mines Tech. Paper 554 (1933) 29, 31, 59, 63, etc. 
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have greater effects per unit pressure change upon the physical properties 
of crude oils than the lighter ones. This leads to the tentative suggestion 
that in actual reservoirs the changes that take place in the properties of 
the crudes at low pressures may be even more marked than would appear 
from the experimental work thus far available, and the ultimate recoveries 
may be affected much more by unit pressure changes at low pressures 
than at high pressures. To put this statement in some quantitative 
form, a drop in pressure from 2500 to 2000 lb. per sq. in., in comparison 
with the drop from 1000 to 500, may have an almost negligible influ- — 
ence upon the properties of the crude that affect the total or ultimate 
recovery. (The part played by mixtures of gas bubbles and oil is 
temporarily ignored.) 

The writer ventures to call attention to the fact that in natural 
reservoirs the relations between pressure, quantity of dissolved gas, and 
the physical properties of the oils are really quite fortuitous. Merely 
because a reservoir happens to contain an oil saturated with certain gases, 
at a definite pressure, which may or may not be related to the saturation 
pressure, is by no stretch of the imagination a reason for considering 
either the initial pressure or the composition of the gas as the ideal ones, 
in so far as recovery of the reservoir contents is concerned. Neither 
is it sound to ignore the reservoir pressure and consider only some con- 
venient operating pressure—or its related sand-face pressure—that will 
produce an arbitrary gas-oil ratio. The latter may take into consider- 
ation only the lifting efficiency and the market conditions, and disregard 
events within the reservoir itself, events that are certain to affect the 
properties of both the oil and the gas and probably their ultimate recov- 
ery. At the present time it appears to be beyond the realm of our 
technical skill to increase the pressure, temperature or gas content of a 
newly discovered pool, but maintenance and restoration of pressure, 
with their concomitant results are effectively employed in partially 
depleted pools. 

However, the special purpose of this article is to urge that the use 
of either of these methods should be based on experimental data, such 
as Lacey, Lindsly, Jones and others have shown can be obtained. The 
magnitude of the pressures should be ascertained which produce such 
favorable or ideal physical properties of the reservoir contents as will 
yield the largest recoveries thereof, consistent with economic factors. 
Fortunately the development of bottom-hole sampling and recording 
devices has placed at the disposal of the engineer part of the necessary 
equipment with which to investigate this fascinating field. 

It may be possible that further experimental work will show that 
relations can be established between solubility, compressibility, tempera- 
ture, composition of the oil and gas, molecular weights of the various 
constituents, and the rates of change in physical properties. From the 
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standpoint of the engineer, the oil operator and the public interest, the 
correct time to discover these mutual relationships is at the beginning 
of the development of the field, or date of discovery. Sound engineering 
dictates that the relations between pressure, solubility, viscosity, surface 
tension, adhesion tension, specific gravity, etc., be studied at the time 
the reservoir is tapped, if the base for ideal development and operating 
conditions is to be established on as broad a foundation as possible. 
Even if no use is made of the information during the early stages of 
development of a field, it should be acquired then, since both the spread of 
unitization and the demand for better recoveries will tend to foster more 
extensive use of technical data. 
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An Approximate Theory of Water-coning in Oil 
Production : 


By M. Musxat* anp R. D. Wyckorr* 
(Tulsa Meeting, October, 1934) 


Tus phenomenon called ‘“water-coning”’ is that, observed in many oil 
wells, in which bottom water gradually and frequently suddenly dis- 
places a part or all of the oil production when a certain rather critical 
production rate from the well is exceeded. To follow in detail the 
process of the formation of a water cone as it breaks through the oil zone 
and enters the well bore is a problem so complex as to make a theoretical 


Oth) 


Fic. 1.—HoMoGENEOUS SAND FORMATION WITH UPPER PORTION SATURATED WITH OIL 
AND LOWER PORTION WITH WATER. 

analysis practically impossible. However, an analytical treatment of 
the flow system before the water has broken through and during the time 
that it lies statically beneath the oil zone with an elevated or ‘‘coned”’ 
surface can be carried through under certain approximations. To 
present an analysis which shows the essential characteristics of the 
coning mechanism is the purpose of the present discussion. 


PuysicaL Basis or THEORY AND MEANING or APPROXIMATIONS 


As will always be true for flow systems where true water-coning is at 
all possible, the water will be supposed to lie beneath the oil zone because 
of its density contrast with respect to the oil. In fact, under the usual 
field conditions, when the pay horizon is reasonably homogeneous, the 
water most frequently enters the well through the lower zones, but even 
when it enters from intermediate zones it may, in the later life of the well, 
displace the bottom layers of oil, thus resulting in a system wherein the 
oil is effectively floating on the water. 


Manuscript received at the office of the Institute Oct. 13, 1934. 
* Gulf Research & Development Corporation, Pittsburgh, Pa. 
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Fig. 1 represents a homogeneous sand formation in which the upper 
portion is saturated with oil and the lower portion with water. The phase 
of the problem with which the present analysis will be concerned is the 
condition under which oil may flow into the well without the production of 
water. This obviously requires that the water assume a condition of 
static equilibrium. In particular, the pressures at datum ¢ must every- 
where be equal to the constant hydrostatic pressure in the water zone 
that may be taken as the formation or reservoir pressure, P;, as measured 
at the bottom of the oil horizon at a point remote from the well. 

This means that: p(r, z) + yog(t — 2) = Po [1] 


or: p(r, 2) + yugh = Ps [1a] 


where p(r, 2) is the pressure in the oil immediately above the surface of 
the water at the point (r, 2); yw is the density of the water, and yo, 
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h=distance from bottom of oil zone 
Fic. 2.—ILLUSTRATION OF EQUILIBRIUM AT WATER SURFACE. 


which will be referred to later, is the density of the oil; g is the accelera- 
tion of gravity, and t the thickness of the oil horizon. 

Equations 1 or la represent a necessary equilibrium condition if the 
water cone is to remain in a static condition below the oil zone while flow 
occurs in the latter zone. Physically it means that if the drop in pressure 
below reservoir pressure at any point, as P, in the vicinity of the well 
equals the differential hydrostatic head gh(ywo — Yo), ® water column 
rising to that point would be in static equilibrium. However, from 
this same physical picture it appears that another condition must be 
satisfied in order to maintain dynamical equilibrium at the water surface. 
Thus each particle of water at the oil-water interface is acted upon by the 
pressure gradient present in the immediately adjacent oil zone, since this 
boundary represents a limiting streamline of the oil zone. Because the 
flow is convergent, this pressure gradient increases rapidly in the immedi- 
ate vicinity of the well in a manner qualitatively indicated by curve A, 
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Fig. 2. In the water zone, on the other hand, there is a constant down- 
ward vertical pressure gradient due to the acceleration of gravity shown 
as curve B, Fig. 2. It is clear that from this point of view, at a height of 
cone indicated as H,,,,, the pressure gradient in the oil zone is just equal 
to the opposing differential gravitational force acting upon the water and 
that any slight increase in the height of the water cone above this point 
will result in flow of water into the well. Thus from these simple quali- 
tative considerations a critical height of cone as at H,,,, is indicated. 
Further justification of this conclusion will be presented later. 


ANALYTICAL DEVELOPMENT 


Returning now to equations 1 and 1a, it is evident that their solution 
requires a knowledge of the pressure function p(r, z). This pressure 
distribution, on the other hand, depends upon the shape of the cone 
surface, which acts as an impermeable boundary to the flow of the oil. 
Unfortunately, however, the simultaneous determination of the pressure 
distribution and the shape of the cone is too difficult a problem to permit 
an explicit solution and one is forced to assume the value of p(r, z) and 
then solve equation 1 for the corresponding cone surface z = 2(r). The 
_ simplest assumption as to the nature of the pressure distribution, and the 

only one that seems amenable to analytical treatment without undue 
labor, is that it is effectively the same as that for the case where there is 
no cone and the oil is flowing in a sand between two parallel impermeable 
boundaries and into a well partly penetrating the sand. However, 
before applying this pressure distribution to the solution of equation 1, 
it is convenient to transform the condition of equilibrium as follows. 

Introducing the notation: 


k 
© = =(p — raga); Ab = @ - By =O — “pg 


[2] 
AP = P; — py = Ps — yogt — pwo3 AY = (Yo — Yo) 


where ® is the potential function in the oil zone and AP is the total 
pressure drop in the cil zone as measured at the top of the sand, equation 1 
may be rewritten as: 


Ab(r, Zz) = “AP - “Art — 2) [3] 


Observing that for large r, Ab = “AP = (A®), we finally have: 


A®P(r, z) z Ay(t — 2) 
fAmye aun i . TAKE : [4] 
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To determine the solutions of this equation the values of the functions 
A® and (A®), must be known. These, as has already been mentioned, 
will be taken as those corresponding to a cone-free system in which a 
well partly penetrates a sand with horizontal and parallel faces. From 
the detailed analysis of such systems! it has been found that for all 
practical purposes A® may be expressed by an equation of the form: 


Ad = q{h, — LanPo(b, 7, Z)} [5] 


where q is an arbitrary coefficient independent of r and z, ®, is a constant 
dependent upon the well radius 7, and the depth of well penetration, 
b, b, is the depth of a hypothetical flux element of density a, extending 
from the top of the sand to the point z = bn, and ®o(bn, 7, 2) is the con- 
tribution of such an element to the resultant potential distribution. 
The only approximation involved in equation 5 is that the summation 
sign has replaced an integration. 
It may be shown further that: 


(aie = {s. Bat Sih toe z eine (6] 
t (i M 
where 7» is the effective formation radius. No simple rule can be given 
for determining directly the terms a,®o(b,, 7, z); rather, they can be 
obtained only by going through the details of the analysis. 
Making use, then, of these results, one finally obtains as the equation 
of the surface of the cone: 


B Z 
Lay,Po(bn, T, 2) =A + ois == 5, [7] 
4. 4t 
where: A= Grtnbn log a) B= gtAy(®;— A). [7a] 


In using equation 7, it is assumed, of course, that the terms on the 
left-hand side are known from a solution of the simplified potential 
problem, and that the physical constants of the system are also known; 
namely, the formation boundary radius 7, the sand thickness ¢ and the 
density difference Ay. Choosing, then, the penetration of the well for 
which the cone is to be determined and the pressure differential AP, 
it can be supposed that all the coefficients in equation 7 are known 
numerically, and the problem that remains is simply that of solving the 
equation for z at the chosen value of r. This may be done most readily 
by first plotting the left-hand side as a function of z and then finding 
the intersection of the curve so formed with the straight line representing 
the right-hand side. 


1M. Muskat: Physics (1932) 2, 329. 
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To illustrate the process more clearly, the left side of equation pe has 
been plotted as a function of : in curve I of Fig. 3, for the particular case 


given by r = 0, Tw/t = Yoo, Te/Tw = 2000, and a well penetration of 
25 per cent. The numerical values of Za,%o were obtained from the 
paper cited above and must, in general, be determined by a preliminary 
analysis of the potential distribution in the cone-free system. From the 


assumed value of 7 A = 0, and the right side of equation 7 is represented 


by a straight line intersecting the : axis at 2/t = 1, and possessing a 


I: CURVE REPRESENTING LEFT SIDE OF 
EQUATION (7). 


I, IT, W: POSSIBLE REPRESENTATIONS OF 
RIGHT SIDE OF EQUATION (7). 


= an Do (dn, 0 Z) 


Fig. 3.—GRAPHIC SOLUTION OF EQUATION 7 TO SHOW EQUILIBRIUM CONDITIONS OF 
WATER CONE. 


slope inversely proportional to AP. Several such lines are drawn in 
Fig. 3. Depending on the slope of the lines, their intersections with 
curve I, or the roots of equation 7, will be two in number, one, or none 
at all. 

We must now examine more closely the meaning of these intersections. 
Analytically, they both represent the cone heights, for the corresponding 
physical constants of the system and the chosen AP, which satisfy the 
hydrostatic equilibrium condition, equation 1. Physically, however, 
the two intersections are of quite different significance. For at the 


: : 2 
higher rise of cone, rend 0.28, the slope of curve I exceeds that of curve II, 
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which means that at z = 0.28 the gradients in the oil zone will exceed 
the hydrostatic gradient in the water zone. Hence, even though there 
could be hydrostatic equilibrium at z = 0.28, the equilibrium would be 
dynamically unstable against infinitesimal perturbations in the cone 


surface. The roots at : = (0.28 can therefore play no role in the physical 


problem. Conversely, however, the root at : = 0.77 gives a physically 


stable cone, as the gradient there, in the oil zone, is less than that in 
the water zone. If AP is increased the slope of the lines for the right 
side of equation 7 will decrease until, as with curve III, they will be 
tangent to curve I and then for still greater AP there will be no inter- 
sections with curve I, or no stable heights of cone. The point of tangency 
of curves II and III ; = 0.48) then gives the critical and maximum cone 
height possible for the given r., 7», ¢ and Ay. 

It is evident that in the vicinity of the critical cone defined above 
the position of the water surface is very sensitive to small changes in 
pressure within the adjacent oil zone. Recalling that the analysis has 
been based upon a pressure distribution undisturbed by the presence of a 
cone, whereas there will actually be a perturbation in the pressure dis- 
tribution because of the existence of the cone, it is necessary to present 
more conclusive evidence that stable cones cannot exist at every height 
up to the bottom of the well. Thus if the perturbation in the pressure 
distribution is such as to increase the pressure at points near the top of 
the cone relative to the unperturbed pressure, the tendency will be 
towards increased stability, with the possibility that no critical height 
exists, whereas, if the perturbation is the reverse the stability will be even 
more critical than obtained on the basis of the analysis presented and 
the possibility of stability at any arbitrarily large height will be defi- 
nitely eliminated. 

Since the determination of the exact pressure distribution in the oil 
zone above the cone is impossible analytically, an experimental method 
has been used. It consists of an electrical conduction model (described 
in a later section) which is analogous to the present fluid problem in all 
respects except that gravitational effects are not simulated and must be 
introduced by proper experimental procedure. 

Fig. 4 shows photographs of the model representing a radial vertical 
sector of a sand horizon underlain by water that has coned upward 
beneath the well because of the pressure differential maintained between 
the outer radius and the partly penetrating well. In Fig. 4c the full 
lines in the “oil zone” show the unperturbed pressure distribution; i.e., 
in the absence of a cone and the dotted lines the pressure distribution 
within the oil zone in the presence of a stable water cone represented 
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by the white portion of the photograph. That the shape of the cone in 
the figure is a good approximation to that of a real cone is shown by the 
fact that the intersections of the equipressure lines with the surface 
of the cone lie at equal intervals above the base of the cone, thus satisfying 


PRESSURE DISTRIBUTION IN % AP 


the equilibrium conditions? of equations 1 or la. Figures 4d and 4e 
show the same system with higher cones, as would be induced by increas- 
ing the total pressure drop between the well and the outer boundary 
These cones are stable over their entire surface, as indicated by the 


2 The proper shape of the nonconducting portion of the model representing the 
cone was necessarily obtained by trial. The sensitivity of the potential distributes 
measuring equipment was sufficient to locate the equipotential , 

s m 
than they could be marked on the surface. ; Dike I 
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equal intervals between the vertical projections of the equipressure 


intercepts at the cone surface. 

While the numerical values of the equipressure contours are given in 
percentages of total pressure differential across the system, a comparison 
between the several models may be made in terms of relative pressures. 

In Fig. 4c, 35 per cent of the total pressure drop AP, is imposed on 
the cone whose height h at its intersection with that equipressure contour 
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Fic. 5.—VARIATION OF CONE HEIGHT BELOW WELL WITH PRESSURE DROP ACROSS 
SAND, AS OBTAINED BY MEANS OF MODEL EXPERIMENTS. WELL PENETRATION 25 


PER CENT. 


is 1.86 arbitrary units. In the notation of the equilibrium equation la, 
and assuming y» = 1, we have: 


0.65AP, + 1.869 = AP.; AP. = 5.329 
Similarly from Fig. 4d: 


p(0, kh) = 0.65APa; h = 2.05; APa = 5.869 
and from Fig. 4e: 
p(0, h) = 0.55AP.; h = 2.80; AP, = 6.229 


Plotting these values of total pressure differential against the total 
height of cone as measured from the models, the curve of Fig. 5 is obtained. 
While only the three points c, d and e were observed experimentally, it is 
clear that stable cones will also exist under the conditions represented 
by the lower approximate projection of the curve. However, the 
question regarding the upper extension of the curve (i.e., whether stability 
obtains up to the bottom of the well—100 per cent rise) remains unan- 
swered. Fig. 4e shows that if an attempt is made to raise the cone to 


~. 
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the 40 per cent pressure contour the AP, calculated as above, will have a 


value somewhat less than 5.99. Thus the upper branch of the curve 
turns back as indicated by the dotted projection. Indeed, at h = 100 per 
cent it is obvious that the equilibrium equation 1a can be satisfied only if 
AP does not exceed the total available hydrostatic head, which in the 
above units is equal to 3.94 g, the upper terminal point of the curve, 
Fig. 5. 

The results of the experiments, therefore, are to be interpreted as 
definitely indicating the existence of a critical cone height which, for 
the particular system represented by the models, is in the vicinity of 
76 per cent of the total distance between the bottom of the well and the 
normal water level. Below this height all cones are possible and above it, 
although the hydrostatic equilibrium conditions can be satisfied, the 
simultaneous existence of dynamical equilibrium previously mentioned is 
not possible and stable cones cannot exist. Thus the conclusions derived 
from the analytical curves of Fig. 3 are verified by experimental methods, 
which involve no assumptions as to the effect of the cone on the pressure 
distribution. . In fact, the experiments show that the cone is actually 
somewhat more critical than indicated analytically. 

Returning now to the further development of the analytical treatment, 
the behavior of the cones in systems of practical interest will be con- 
sidered. ‘The procedure consists in observing the slopes of the lines as of 
curve II in Fig. 3 giving a certain intersection with potential curves as 
curve I these intersections representing cone heights 2/t. The slope m 
of these lines is clearly given by: 


4 4t 
rk B Z gtd &. _ 7 2Andn log #) 


AP AP 
Hence, knowing m and the other constants of the system, AP can be 
computed. These may then be plotted against the corresponding 2/t. 
Such curves are given in Figs. 6 and 7 and correspond to the follow- 
ing constants: 
Ay = Yw — Yo = 0.8 gram per cubic centimeter. 

g = 980 and is equivalent to 0.0097 atmospheres for unit density. 

t = 125 ft; r. = well radius = 14 ft. 

re = formation boundary = 500 ft. 

Nonpenetrating well: &, = 2002.3; Da,b, = 250. 

25 per cent penetration: 6, = 11.25; a,b, = 33.25. 

50 per cent penetration: ® = 13.28; a,b, = 67.00. 

The fact that the pressure drops required to raise the cones are so 
small, as appears from Fig. 6, is not surprising when it is noted that a 
water column of height equal to one-half of the sand thickness of 125 ft. 
has a head of less than two atmospheres. Furthermore, since the AP in 
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Figs. 6 and 7 are pressure drops as measured at the top of the sand, the 
pressure drops in the oil zone available to lift the water are the AP of 
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Fig. 6.—VARIATION OF CONE HEIGHT BELOW WELL WITH PRESSURE DROP AP ACROSS 
SAND. 


Figs. 6 and 7 plus the hydrostatic head of oil between the bottom of the 
well and the bottom of the oil horizon. On the other hand, the relatively 
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Fria. 7.—VARIATION OF CONE HEIGHT BELOW NONPENETRATING WELL, WITH PRESSURE 
prop AP ACROSS SAND. 


large values of AP required to raise the cone in the case of the non- 
penetrating well are due entirely to the great concentration of the pressure 
gradients near the well when the latter only taps the sand. In fact, the 
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pressure gradients near the well vary inversely as the square of the dis- 
tance from the well. Hence, it may be that more than 100 atm. of the 
total pressure drop of 107 atm. (for a cone rise of 54 per cent) is lost 
within 5 ft. of the well and only a small fraction of it is effective in raising 
the water in the cone. 

The vertical sections of the curves simply indicate the fact that 
beyond the critical heights corresponding to the points of tangency as 
of curves I and III, .Fig. 3, physically stable cones cannot exist. The 
dotted portion of the curve for 25 per cent penetration, Fig. 6, represents 
the upper intersection as for curves I and II, Fig. 3, and is to be compared 
with the experimental curve, Fig. 5. The similarity of the two is evident, 


WELL PENETRATION=50% ; SANO THICKNESS= 125. 
Aer %xo3. 
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DISTANCE FROM WELL IN UNITS OF SAND THICKNESS 
Fic. 8.—Cross-SECTIONAL SHAPE OF CONES FOR VARIOUS PRESSURE DROPS (AP). 


though it should be mentioned that the discontinuity in the analytical 
curve at the critical height is caused by the neglect of the perturbation in 
pressure distribution due to the presence of the cone. The effect of this - 
perturbation is to eliminate the discontinuity and to increase the sensi- 
tivity of the system to slight changes in pressure differential. } 

All of the above discussion with regard to the height of the cone has 
referred to its value along the central axis of the sand, that is, in the 
region immediately below the well. However, it should be clear that 
the computations can be carried through in exactly the same manner for 
any distance out from the well provided only that the curve I in Fig. 3 be 
appropriately changed and made to refer to the vertical potential distribu- 
tion at the chosen distance from the well. If this is done for a number 
of such radial positions from the well, a graphic representation of the 
shape of the cone will be obtained by plotting the roots of equation 7 
derived as indicated above. The results of such computations for a 
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125-ft. sand when the well penetration is 50 per cent and for various 
pressure differentials over the sand are presented in Fig. 8. The actual 
shape of the cones, of course, will be obtained by rotating the curves 
of Fig. 8 around the vertical axis. Although from the nature of the 
calculation these curves cannot be accurate in detail, they do have the 
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Fic. 9.—MAXIMAL PRESSURE DIFFERENTIALS (RESEROVIR PRESSURE-BOTTOM-HOLE 
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general shape that would be expected of the streamline curves represent- 
ing the cone surfaces. 

The values of the critical pressure differentials required to bring the 
cones into the well, and obtained by solving equation 7, as outlined 
above, are given in Fig. 9. As already noted, the critical pressure 
differential increases very rapidly, especially for the thicker sands, as 
the well penetration becomes small. Similarly, it falls steeply to infin- 
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itesimal values as the well penetration approaches 100 per cent and the 
bottom of the well is set near the water level. Finally the critical 
pressure differential not only decreases with decreasing sand thickness, 
as should be expected, but the variation with the sand thickness becomes 
increasingly pronounced as the thickness decreases. 
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Fie. 10.—MaxiImMal RATES OF FLOW WITHOUT CONING AS FUNCTION OF WELL PENE- 
TRATION FOR VARIOUS OIL-ZONE THICKNESSES. 


Although, from a physical point of view, the pressure differentials 
and gradients are the controlling factors determining the stability of the 
water cone, the relation of the rate of oil production to the entry of the 
water into the well is perhaps of most interest from a practical point of 
view. ‘To find the production rates corresponding to the AP of Fig. 9 


it is only necessary to apply equation 6, which for the present purpose 
may be rewritten as: 
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The critical or maximal production rates obtained in the above manner 
are plotted in Fig. 10. Perhaps the most interesting feature of these 
curves is the fact that the nonpenetrating wells will permit the maximal 
production rates without the cone entering the well. Of course, the fact 
that the bottom of a nonpenetrating well is at a greater distance from 
the water horizon than the bottom of a partially penetrating well, would 
naturally tend to make it more favorable for the suppression of the cone, 
and indeed Fig. 9 does show that the critical pressure differentials are 
maximal for the nonpenetrating wells. On the other hand, the very high 
resistance of the nonpenetrating well system might be expected to more 
than counterbalance the effect of the large separation between the bottom 
of the well and the water level, so as to give rise to an optimum nonvanish- 
ing penetration at which the critical production rate is a maximum with 
respect to both smaller and larger penetrations. The curves of Fig. 10 
show, however, that the distance of the well bottom from the water level 
is the most significant factor, although it is to be noted that the curves 
are quite flat for the small penetrations and for practical purposes wells 
with penetrations as high as 15 to 20 per cent will give practically as 
high water-free production rates as those of extremely small penetrations. 
This is indeed a fortunate circumstance, for thus it is possible to obtain 
in practice the optimum operating conditions without the necessity of 
attempting to satisfy the almost impractical condition of ‘nonpenetra- 
tion” in an actual well. 

The practical significance of the above analysis is that it shows that 
considerable penetrations into an oil sand should be avoided if it is 
known that the lower portion contains water. It further shows that if at 
a certain finite penetration and a given production rate, water-coning is 
already taking place, one may reasonably attempt to correct the situa- 
tion by plugging back the hole to effectively reduce the penetration. This 
implies the fact that coning, once started in an oil sand, is not necessarily a 
permanent accompaniment of the production, since the essential reasons 
for the persistence of the coning are that: (1) the pressure drop between 
the reservoir boundary and points below the bottom of the well exceed 
the hydrostatic head of the corresponding water column and (2) that the 
dynamic pressure gradients in the system exceed the static gradient 
caused by the density difference between the oil and water. Hence 
if the well is plugged back or the production rate is “pinched down” so 
that the total pressure drop and dynamic gradients become insufficient 
to overcome the hydrostatic head and gravity gradient, the water cone can 
only fall back towards the bottom of the formation. The time for these 
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transitions to take place is a rather difficult quantity to estimate but 
it certainly seems that it should be measurable in terms of a relatively 
small number of days, if not hours. Thus it appears that at least by the 
process of controlling the back-pressure on a well one should be able to 
control with a fair degree of arbitrariness either the rate of water entry 
into the well or to stabilize the oil production with the water lying 
statically below the oil horizon. 


SUPPRESSION OF WATER-CONING BY SHALE LENSES 


While field experience, as a whole, confirms the conclusions developed 
here concerning the suppression of water coning by decreasing the pene- 
tration of a well, it is often observed that the magnitude of the effects 
are much larger than would be expected from Figs. 9 and 10. Thus, 
cases have been observed where plugging back only 2 or 3 ft. has sufficed 
to eliminate almost completely the water from wells that previously had 
been producing with rather high water-oil ratios. Asan example may be 
cited a well in East Texas, in which a 20 per cent water content was 
changed into clean oil flow by simply plugging back 2 ft. of its original 
penetration of 7 ft. It is clear that if the sand were homogeneous, as 
has been assumed in the theory given here, the change in total well pene- 
tration from approximately 16 to 11 per cent would have but a very small 
effect in suppressing the water cone, so that the observed effect must be 
attributed to an inhomogeneity in the sand conditions. In fact, the log 
of the above well shows a tight zone 2 ft. thick beginning 4 ft. below the 
top of the pay and the well was plugged back to this zone. 

That an extended shale streak lying at the bottom of a well would 
inhibit bottom water from coming into a well is obvious, of course. In 
most sands, however, many shale streaks occur as small broken lenses 
embedded in the main sand body, and the question arises as to the effec- 
tiveness of plugging back to such lenses of limited extent. Although it 
would be quite hopeless to attempt to derive an analytical solution to the 
problem involved, the question proposed may be answered in a very 
simple manner with the aid of an electrical model of the flow systeni. 
The model, similar to that used in obtaining Fig. 4, is based upon the 
strict equivalence of the current flow in a continuous conductor and the 
liquid flow in a porous medium of the same geometry and corresponding 
boundary conditions*. The model used here was a radial sector of pressed 
carbon, at the broad end of which was soldered a metal plate to give the 
effect of a uniform reservoir pressure, and at the vertex of which was 


* The effect of gravity in systems having free surfaces or two fluid interfaces has 
no electrical analogy, but this difference will affect only the quantitative details of 
the problem under consideration. For a discussion of other experimental models 
that may be used in the study of fluid flow through porous media, see R. D. Wyckoff 
and H. G. Botset: Physics (September, 1934) 5. 
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soldered a thin copper rod representing the partly penetrating well, at 
the uniform pressure p, = 0. The equipressure contours for a 50 per 
cent well penetration in a homogeneous sand are indicated in Figs. 11 and 
12 as the solid lines where the external pressure has been taken for con- 
venience equal to 100. The permeable shale lenses were then introduced 
by simply cutting narrow slots below the well bottom, in one case with a 
radius equal to 11.3 per cent of the sand thickness and in another case 
with a radius 20.6 per cent of the sand thickness. The new pressure 
distributions are shown as the dotted curves. 


—— pressure distribution in normal plug-back 
---- change due to impermeable lens 5 


Figs. 11 anp 12.— EQuIPRESSURE CONTOURS FOR 50 PER CENT WELL PENETRATION 
IN HOMOGENEOUS SAND (SOLID LINES) AND PRESSURE DISTRIBUTIONS AFTER INTRO- 
DUCTION OF PERMEABLE SHALE LENSES (DOTTED LINES). 

Although a quantitative application of the changes in pressure dis- 
tributions caused by the slots or shale lenses will not be attempted, 
the qualitative implications are quite definite and unambiguous. For it 
is clear from Figs. 11 and 12 that in the presence of the impermeable lens 
the pressure gradients are concentrated and increased in the upper part 
of the sand and near the edge of the lens while they are diminished at 
distant points from the well and in the region below the lens. The 
particular point of interest, however, is the fact that the presence of 
the lens very markedly increases the pressure in the region below the 
lens, where the water would tend to rise. Thus, in the smaller lens of 
Fig. 11 the point at the bottom of the lens terminating the 55 per cent 
pressure contour originally lay on the 40 per cent contour in the homo- 
geneous sand; in the lens of Fig. 12 the same point on the original 40 per 
cent contour would terminate the 65 per cent contour in the presence of 
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the lens. As the height of rise of the cone at a given point is essentially 
proportional to the pressure differential between that point and the 
effective sand-reservoir boundary, it is clear that the two lenses corre- 
sponding to Figs. 11 and 12 would lower the coning tendency to values 
of the order of 75 and 58 per cent of what they would be in a homogeneous 
sand. Such effects might well correspond to a change from a 20 per cent 
water-oil ratio to the production of pipe line oil. i 

Thus it appears that the apparently anomalous success in the elimina- 
tion of water-coning by plugging back a well may be explained on the 
basis of the same physical principles as the more commonly observed 
manifestations of the phenomenon. Furthermore, it seems that perhaps 
the most effective means of eliminating bottom water in a well penetrating 
a homogeneous sand is to plug the well back to one of the tighter lenses 
even though such lenses may be of very limited lateral dimensions. 


SUMMARY 


The purpose of this discussion has been to present the fundamental 
physical principles underlying the behavior of the water-oil interface when 
oil is produced from a well only partly penetrating the oil zone while 
the water remains in static equilibrium in the lower portion of the pay 
horizon. It is clear that similar principles are involved when considering 
the regional advance of edge water as it encroaches the oil zone along 
the sloping flanks of a structure, the density contrast between the oil and 
water, the slope of the strata, and the regional pressure distribution, being 
the controlling factors in such cases. 

The points of practical interest derived from the analysis of the 
specific problem of water-coning as referred to individual wells are: 

1. The critical nature of the water cone is shown by the accelerated 
rise of the cone as the oil-production rate is increased with the final 
attainment of instability when it has reached a point some 50 to 75 per 
cent of the height to the bottom of the well. At the upper portion of 
the region of stability the cone is shown to be extremely sensitive to small 
changes in pressure differential; i.e., oil production rate. 

2. It is impossible to eliminate bottom water when producing from 
a thin oil zone unless the production rate of the well is reduced to 
uneconomically low values. 

3. For any thickness of oil zone a well of minimum penetration permits 
the maximum rate of water-free oil production, but up to as high as 15 or 
20 per cent penetration the variation in permissible rate is too small 
to warrant consideration. Fortunately this means that the exact value 
of the penetration is of little moment provided it is reasonably small. 

4. It is futile to plug back a well that already has a small penetration 
unless it can be plugged back to an impermeable lens. Even if this lens is 
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of small areal extent it will have a pronounced effect in suppressing 
the cone. 

5. Because of the critical nature of the cone it appears that the most 
favorable method of control is to pinch in drastically or completely. 
shut in the well and then increase the production to its maximum water- 
free rate rather than to slowly pinch back on the rate. The reason for 
this procedure is the probable existence of a marked “hysteresis’’ in 
the curve of pressure differential vs. cone height, especially in the critical 
region, so that this region should always be approached by a rising cone. 

6. From the nature of the cone height vs. pressure differential 
curve it may be shown that for a given average pressure differential or 
production rate a steadily flowing well will induce a lower cone height 
than one in which the flow is intermittent. Thus in the presence of 
bottom water, a well that is heading, or particularly one that is being 
produced by swabbing, may show considerable amounts of water, which 
would be entirely eliminated under steady flow conditions at the same 
or even a higher production rate’. 

The water-coning problem is the exact analog of ‘‘gas-coning.” 
Thus it is evident that if gas has accumulated in the upper portion of the 
pay horizon and this gas zone has been packed off so that the sand face is 
open only in the lower portion of the oil pay, the physical set-up is 
identical to that of the water problem discussed here, except that the 
system is inverted. Furthermore, since the density contrast between the 
oil and gas is considerably greater than between water and. oil, the possi- 
bility of controlling the gas cone is correspondingly more favorable, but 
otherwise its response to variations in oil-production rate, to position of 
the open sand face below the bottom of the gas zone, i.e. “penetration,” 
and to the other variables, will be identical. However, careful considera- 
tion must be given to the mechanical set-up in the well if the analogy is to 
be correct. 

Finally, we wish to emphasize that this discussion is confined to the 
consideration of a single producing horizon and does not include systems 
in which the several fluids are present in discrete unconnected strata. 
Furthermore, although homogeneity of the sand is tacitly assumed in the 
analysis, any anisotropy in permeability is likely to be such that the 
vertical permeability is the lower, and suppression of the cone will be 
correspondingly easier. 
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DISCUSSION : 
(L. A. Ogden presiding) 


T: V. Moorz,* Houston, Texas.—These authors have presented an analysis of 
water-coning that is of greater practical value than we realize. They had to assume 
permeability of the sand. These cones are stable and their position depends on the 
different hydrostatic heads of the water and the hydrostatic heads of the oil, and not 
on the permeability of the sand. The analysis is still applicable. It seems that in 
order to plug off water completely from the well, it is necessary to plug both water and 
a portion of the oil zone. 


R. D. Wycxorr.—An application of the theory that may be of interest pertains 
to acid treatment. Assuming that the acid enters the water zone as well as the oil 
zone and is equally effective in increasing the permeability of both zones, offhand one 
would expect no change in water-oil ratio. However, since the water-coning is 
dependent upon pressure differential alone, and for a given differential the production 
rate is proportional to the permeability, the theory indicates that increasing the 
permeability of both zones will result in a decreased water-oil ratio. There is definite 
field evidence to show that on the average acid treatment does result in a lower water- 
oil ratio in cases of bottom water to which the coning theory should apply. 


W. L. Horner, } Bradford, Pa.—In using a sand model I had to use a river sand 
finer than Ottawa sand to get a good cone, at constant pressure. 


Memserr.—You say that in thin sand plugging back does not eliminate water? 


R. D. Wycxorr.—It looks as though in thin sands one would have to accept the 
water as inevitable since the water cone could be made stable only at excessively low 
production rates. A thick oil zone permits the establishment of a reasonably high 
pressure differential and proportionately high production rates without necessarily 
exceeding the limiting differential for the critical cone. 


H. H. Wricur,t Tulsa, Okla.—Irrespective of the configuration of the water-cone 
surface, only one condition must be satisfied analytically for stability and equilibrium: 
the resultant of all forces acting on any element of the cone surface shall equal zero, 
and the direction of the resultant shall be perpendicular to the surface of the cone. 
More exactly, the direction of the resultant shall approach that of perpendicularity 
as the condition of static equilibrium is approached. 

The difficulty of evaluating the various forces is evident, but there is one element 
of the cone surface for which analysis is simple, provided one is willing to forego the 
determination of values for this point at its maximum stable height. The sensitive 
or ‘‘critical” nature of the cone along the projected well axis at heights in close 
proximity to the well is evident from the rapid increase of the pressure gradient in the 
oil zone along the surface of the cone. The sensitive nature of the part of the cone 
surface immediately below the well at heights close to the well perhaps can be 
visualized more clearly from the rough statement that the apex of the cone becomes 
more acute as the well is approached, and the necessary condition for static equilib- 
rium, that the resultant of all forces acting on a surface element shall equal zero, and 
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shall act in a direction approaching that perpendicular to the static surface as equilib- 
rium is approached, becomes increasingly difficult of fulfillment. 

I am interested in another phase of the paper; that pertaining to the effect of 
impermeable barriers of limited areal extent. Several years ago I investigated a well 
in the Seminole field which had a penetration of 11 ft. in the Wilcox sand, and which 
had had a very rapid decline to a settled production of about 20 bbl. of oil daily. This 
well had been drilled 0.5 ft. in shale at its bottom. It was decided to drill the well 
deeper, and after the shale break in which the well was bottomed originally had been 
penetrated, production was increased to something over 500 bbl. of oil daily. The 
effect of the impermeable barrier on production is very well illustrated by this case. 


R. D. Wycxorr (written discussion).—It is interesting to note that if the permea- 
bility of the sand above the shale member mentioned by Mr. Wright had been about 
the same as in the lower zone a large change in production rate would have been 
observed only if the shale break was of large areal dimensions. In fact, if the original 
11-ft. penetration represented 20 per cent penetration of a homogeneous sand body 
with the shale break of unlimited extent, penetration of the entire sand body below 
the shale would have increased the production rate to 100 bbl. per day. The observed 
increase to 500 bbl. per day is evidence that the upper sand has a low permeability 
compared with the deeper zone. If, however, the shale break in an otherwise homo- 
geneous sand had been of small areal extent the production rate after penetrating the 
lower zone would have been of the order of 50 barrels. 

This is mentioned merely to point out that plugging back to a small tight lens to 
suppress water does not necessarily involve an excessive sacrifice in production rate, 
and that in the example cited by Mr. Wright the very large change in capacity of the 
well was due primarily to low permeability of the upper oil zone. It is also evident 
that the economic gain in back-plugging depends largely upon the magnitude of 
restriction imposed on the well. Thus, if the allowable production rate represents 
but a small fraction of its potential, back-plugging to eliminate water may not neces- 
sarily involve an actual decrease in the daily production rate. 


K. B. Nowe1s,* Bradford, Pa. (written discussion).—This study of water-coning is 
timely and valuable. The authors’ findings and conclusions are substantiated by 
some work done by the U. S. Bureau of Mines engineers in the Wortham and Powell 
fields of Texas®. In those fields the bottom-hole stage plugging was done in order 
to exclude both bottom water and the water that gained entrance to some of the 


producing wells through coning. 
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Variations in Reservoir Pressure in the East Texas Field 


By Rates J. Scurrruuis,* Memper A.I.M.E. anp Winiiam Hourst* 


(Tulsa Meeting, October, 1934) 


Tue nature of the forces that are important in producing the oil in the 
East Texas field and the manner in which these forces are affected by 
the rate of production have always been problems of outstanding interest. 
These questions are of great interest to the industry as a whole on account 
of the economic importance of the East Texas field and to the engineers 
in particular on account of the unique character and behavior of the field. 
Subsurface pressure data throughout the field have been collected 
systematically, so that a quite complete history of the reservoir pressures 
has been kept as the field has been developed and produced. Subsurface 
samples of the oil and gas have been taken and these have been examined 
to obtain data on the physical properties of the reservoir fluids under the 
actual conditions of temperature and pressure. All of these data have 
been valuable because they have afforded the basis for .a careful study 
of the means by which the oil is produced. It is the purpose of this dis- 
cussion first to point out several of the important facts revealed by the 
data mentioned and then to describe studies that have been made 
concerning the interpretation of these facts. 


ReEsEeRVOIR PRESSURE DaTA AND PROPERTIES OF OIL 


The reservoir pressure data on the East Texas field have shown 
conclusively that the pressures are readily affected by changes in the rate 
at which the field is produced. This can well be seen in Fig. 1, where the 
average reservoir pressures obtained from time to time are plotted with 
the daily production rates and the cumulative production of the field. ~It 
is noted that the average reservoir pressure has declined irregularly, 
depending upon the rate of production, from the estimated original value 
of 1625 lb. per sq. in. to the value of 1228 lb. per sq. in. observed for 
Aug. 11, 1934. The decline in pressure has been more rapid at the higher 
rates of production than at the lower rates. In contrast, the average 
reservoir pressure has increased, on several occasions, upon reduction 
of the withdrawal rate from a high value to a lower value. 

The reservoir pressure data have also shown that a definite gradient 
in pressure has existed across the field from west to east since the begin- 


Manuscript received at the office of the Institute Sept. 27, 1934. 
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ning of production. The pressures are highest on the west boundary 
of the field, decreasing gradually to the east edge. The magnitude of 
this pressure gradient is also influenced by the rate of production, the 
difference in pressure from west to east becoming greater as the production 
rate is increased. 

Physical Properties of Reservoir Oil.—Lindsly*’, in his investigations 
on the physical properties of the reservoir oil in the East Texas field, 
demonstrated the following facts: 

1. The reservoir oil is undersaturated with gas, the saturation pressure 
being 740 lb. per sq. in. gage. This pressure, which corresponds to the 
point where gas first starts to escape solution, is several hundred pounds 
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Fig. 1.—RESERVOIR PRESSURE AND PRODUCTION DATA, OBSERVED AND CALCULATED, 
East TEXAS FIELD. 
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per square inch less than the lowest average pressure that has ever been 
observed in the East Texas field. 

2. Above the saturation pressure of 740 lb. per sq. in., the reservoir 
oil has a liquid expansibility of 0.098 per cent for each reduction of 100 lb. 
per sq. in. in the pressure upon the liquid. 

3. The reservoir oil, in being produced to the surface, shrinks, or 
suffers a net loss in volume of about 20 per cent. The shrinkage is due 
mainly to liberation of dissolved gas upon reduction in pressure from the 
saturation pressure to one atmosphere. A small part of the contraction 
is accounted for, however, by reduction in temperature from the reservoir 
temperature of 146° F. to the temperature at the surface. 

These physical properties of the East Texas reservoir oil have also 
been investigated and checked, within reasonable limits, in the labora- 
tories of the Humble Oil & Refining Company. 


* References are at the end of the paper. 
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INTERPRETATION OF DATA 


In the foregoing, the most important information concerning the 
behavior of the reservoir pressures and the physical properties of the 
reservoir oil in the East Texas field have been reviewed. 

A little reflection on the fact that the reservoir oil is undersaturated 
will make it evident that the oil body must be acted upon by some 
extraneous force, which maintains the pressure in excess of the saturation 
pressure of the oil. If there were no such force, the reservoir pressures 
would have fallen, rapidly, below 740 lb. persq.in. Regarding the nature 
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Fia. 2,—STRUCTURE CONTOURS ON TOP OF WOODBINE SAND, NORTHEAST, TEXAS. 


of the extraneous force, it has been suggested? that the weight and 
compressibility of the overlying sediments and rocks supplies the excess 
pressure. J. O. Lewis* has shown that this suggestion is untenable. 
Both the original and current average reservoir pressures can be explained 
by water pressure or a water drive acting upon the oil body. The con- 
tention that a water drive does act upon the field is compatible with both 
geological information and the data on reservoir pressures and the physi- 
cal properties of the reservoir fluids. 

Fig. 2 is a map of the East Texas area showing the relation between 
the Woodbine formation and the East Texas oil field. ‘The Woodbine 
formation outcrops in a belt extending northward from McLennan 
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County, Texas, to the Red River valley and then eastward to the Okla- 
homa-Arkansas border. The formation dips southeastwardly, pinching 
out to the south, and finally rises gradually to the east to pinch out 
against the Sabine uplift and make the reservoir in which water has 
trapped oil to form the East Texas oil field. The field occupies only a 
small part of the vast Woodbine formation, being located at the approxi- 
mate center of the Woodbine’s eastern boundary. There is sufficient 
evidence to show that the Woodbine sand is continuous from its outcrop 
to the East Texas field and is filled with water. The head of water equal 
in height to the difference between the surface elevation of the Wood- 
bine’s outcrop and the subsea depth of the oil reservoir would exert a 
static pressure in close agreement with original reservoir pressure. The 
fact that since production began a gradient in pressure has existed across 
the field from west to east further substantiates the contention that the 
field is under water drive and indicates that the water is tending to push 
the oil body eastward in the reservoir. 


East Texas WATER DRIVE 


Nature of Water Drive——As soon as production started, the reservoir 
pressure began to decline below the original value about the wells pro- 
duced. This lowering of the pressure allowed the oil in the vicinity 
of the wells to expand and fill the space formerly occupied by the oil 
removed. As production continued, the lowering of the pressure spread 
rapidly to the more remote parts of the field on account of the limited 
expansive power of the remaining undersaturated reservoir oil. It was 
observed, however, that as more oil was produced the pressures did not 
decline as rapidly as would be consistent with the expansibility of the 
remaining undersaturated oil and the quantities of oil removed. This 
condition indicated that the pressure differential set up between the 
higher pressure in the water sand to the west and the lowered pressure 
in the oil reservoir itself had caused water to encroach into the field. 
Such encroachment of water moved oil ahead of it toward the producing 
wells, the oil so moved filling the space formerly occupied by oil produced 
and thus retarding the decline in pressure. There is no doubt that water 
did encroach into the oil reservoir, for, if the water had not moved in, the 
expansibility of the undersaturated remaining oil would permit less than 
70,000,000 bbl. of production before the reservoir pressure would have 
been reduced to the saturation pressure of the oil; namely, 740 lb. per 
sq. in. The fact that much larger quantities of oil have been produced 
without causing such a large decline in pressure proves that the water 
drive is effective. The data indicate that about 5 per cent of the vacated 
space has been filled by expansion of oil left in the reservoir, while the 
remaining 95 per cent has been filled by intrusion of water. As the oil 
shrinks by 20 per cent upon being produced to the surface, about 
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1.18 bbl. of water moves into the field for each barrel of oil measured in 
the stock tanks. 0 

Originally, the approximate western half of the East Texas field was 
underlain by water, the water level being at 3320 ft. subsea. It is calcu- 
lated that to make it possible for the water to have encroached to occupy ~ 
its share of the space left vacant by the total oil produced up to Aug. 1, 
1934, the water level would necessarily have had to rise 10.0 ft., assuming 
that the sand flooded with water still retains 25 per cent of its original 
store of oil and that the water rose absolutely uniformly. There are 
data to indicate that the water level has not risen to this extent on the ~ 
western or water edge of the field. It should be pointed out, however, 
that these data are undoubtedly misleading. As water underlies the 
western half of the field and as the greater portion of the total oil produced 
has been taken from the central portion of the field, the water has, in all 
probability, risen much higher toward the middle of the field than on the 
western edge. This uneven rise of the water level could easily have 
occurred without being detected because the oil section becomes thicker 
toward the longitudinal center of the field and nearly all wells penetrate 
only two-thirds of the distance between the top of the sand and the water 
level. As evidence to support this reasoning, there are a number of 
normal depth wells, slightly to the east of the field’s longitudinal center, 
making water. The bottoms of these wells are as much as 10 to 70 ft. 
above the original water table, indicating that the water level certainly 
could have risen enough, in an uneven manner, to agree with the total 
water encroachment required to fill all the space formerly occupied by 
the oil that has been produced. 

Mechanism of Water Drive by Expansibility of Water—There are but 
two methods by which water may move into the East Texas reservoir as 
oil is produced. The first possibility is that water enters the Woodbine 
formation at its outcrop and flows through the entire sand body to the 
oil field. The second possibility is that the flow of water is supplied by 
virtue of the expansive power of the water contained in the Woodbine 
sand. Consideration of the first method mentioned has shown that the 
flow of water through the sand, over the great distance between the 
outcrop and the oil reservoir, would entail such great friction loss and 
hence such large pressure drops that the water could not be supplied at 
the required rate under the existing pressure in the East Texas field. 
Concerning the second possible method, it would probably be concluded 
at first thought that the effect of the slight expansibility of water would 
be negligible. However, when the expansion of the tremendous quanti- 
ties of water contained in the vast expanse of Woodbine sand is considered, 
relative to the quantities of water moving into the East Texas field, it is 
realized that the effect is important and must certainly be taken into 
account. The- Woodbine sand is estimated to contain roughly four 
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trillion barrels of water. It is estimated that, if the pressure on such an 
enormous quantity of water were lowered by only 50 lb. per sq. in., it 
would expand and supply enough excess water to fill the space vacated - 
by all of the oil produced from the East Texas field to date. This 
example is given only to illustrate the magnitude of the amount of 
excess water that can be supplied by expansion of so large a body of water 
as is contained in the Woodbine sand. It is not at all meant to imply 
that the pressure is actually 
lowered over the entire ‘body of 
water by a constant amount. 

The mechanism by which water 
flows into the East Texas field, 
on account of its expansibility, is 
as follows: When production first 
started, the pressure in the reser- 
voir and on the water adjacent to 
the oil body on the west was 
lowered. This allowed the water ~ 
to expand and drive oil eastward 
to fill space vacated by oil pro- 
duced. As production has con- 
tinued, the pressures have been 
progressively lowered and the 
water has been caused to flow 
toward the field from greater and 
greater distances out in the Wood- Fic. 3.—REPRESENTATION OF East 
bine sand. This type of flow is Texas rreLp LocaTED IN A WATER-FILLED 
essentially the same as that by SAND RESERVOIR OF INFINITE UESUDIR 
which oil and gas flow to a well bore*® from the surrounding formation 
when the pressure at the well is lowered. 


Wd 
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MATHEMATICAL ANALYSIS OF East Texas WaTER DRIVE 


In order to evaluate quantitatively the importance of the water drive 
on the East Texas field, a mathematical analysis of the described mecha- 
nism or type of flow by which water moves into the reservoir has been 
made by William Hurst. To develop the analysis, it was necessary to 
make certain assumptions, as follows: 

1. The permeability, porosity, and thickness of the Woodbine sand are 
uniform and the formation is horizontal throughout that portion of the 
sand influenced by production from the field. 

2. The velocity of fluid flow at any point is directly proportional to 
the pressure drop per unit length along the path of flow. 

3. The fluids expand as pressure is lowered, the volume of the fluids 
increasing a certain definite percentage for each pound per square inch 
decrease in pressure. 
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With the foregoing assumptions, the analysis was based upon a 

material balance of the fluids flowing through a very small element of 
the sand formation toward the East Texas field, which is represented in 
Fig. 3 as the rectangle of length 2a and width h located at the origin of 
rectangular coordinates in an infinitely large water-filled sand reservoir. 
Thé material balance is expressed by the differential equation, * 

ap , ap|K _ ap 

0x? dy" |¢c = 
The general solution of this equation for the problem of the East Texas 
water drive is®: 
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The particular solution, for the East Texas problem, is: 
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The final equation expresses the variations in average reservoir pressure 
with the oil production obtained over a certain period of time. The 
constants in the equation, which express the physical properties of the 
fluids in the Woodbine sand as well as the thickness and properties of 
the sand itself, are as follows: : 
c, expansibility of fluids in the Woodbine sand. 

H, effective thickness of Woodbine sand body. 

K, average permeability of Woodbine sand body. 

¢, porosity of Woodbine sand body. 


APPLICATION TO East Texas FIELD 


In order to apply the ideal analysis to the actual East Texas water- 
drive problem, it was expected that it would be necessary to make certain 
allowances and corrections for those discrepancies by which the ideal 
analysis does not fit the actual problem. This was necessary, but it was 
found that correction for the irregularities could readily be made by 
adjusting only one constant; namely, the value for the expansibility of 
the water in the Woodbine sand. The values used for the constants are: 

c = 2.75 X 10~7 cu. ft. per cu. ft. per pound per square foot. 

A = 200 ft, 

K = 0.035 cu. ft. of fluids flowing per day per square foot of cross- 
section per pound per square foot pressure differential per foot 
length of flow. 

@ = 25 per cent. 


* For definition of symbols, see table of nomenclature at end of paper. 
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The values given for the thickness, permeability and porosity of the sand 
are the best estimates that could be arrived at from such laboratory and 
field data as were available. It is pointed out that by ‘thickness of 
sand”’ is not meant that of the oil reservoir itself, but rather an average 
thickness of that portion of the water-filled Woodbine sand influenced by 
production from the field. It is a known fact that the Woodbine sand 
increases in thickness considerably to the west of the field. The constants 
for permeability and porosity have been taken from laboratory determi- 
nations on core samples. The adjusted constant used for the expansi- 
bility of the water in the Woodbine formation is a little over 10 times the 
actual value for pure water. 

Using the values for the constants as given, the variations in the 
average reservoir pressure of the East Texas field have been calculated 
over the very irregular production history of the field. The results are 
shown graphically as the dashed line in Fig. 1, while the actually observed 
values for the average pressures are the plotted points. It is observed 
that a close check with the actual data has been obtained. In particular, 
it is pointed out that the several increases in pressure, observed during 
periods of shutdown or following reduction in the production rate, have 
been checked by the calculation. 

The fact that it has been possible to take care of all irregularities by 
making an adjustment in only one constant is remarkable, particularly 
when it is realized that the adjusted value used instead of the expansibility 
of pure water is not at all unreasonable. It is known that the Woodbine 
water contains dissolved or occluded gases. Although their exact effect 
has not been determined, undoubtedly such associated gases would greatly 
augment the expansive power of the water. In a similar manner the oil 
and gas fields, scattered throughout the Woodbine basin, would cause the 
water to behave as though it.were a more expansible fluid. 

In view of the good check with the actual data and in order to show 
more clearly the influence of the production rate upon the average 
reservoir pressure, the changes in the average pressure under several 
assumed rates of production have been calculated for the year August, 
1934, to August, 1935. These results are also given in Fig. 1 for produc- 
tion rates of 0; 200,000; 400,000; 600,000; 800,000; and 1,000,000 bbl. 
per day. The curve for zero production rate indicates that the pressure 
would build up from about 1228 lb. per sq. in. to nearly 1400 lb. per sq. 
in. by August, 1935, if the field were shut in. At a production rate of 
400,000 bbl. per day, the average pressure would probably remain above 
1200 lb. per sq. in. through August, 1935, but at 1,000,000 bbl. per day 
would decline rapidly to below 1000 lb. per sq. in. It is interesting to 
compare the predicted average rates of pressure decline expressed as 
pounds per square inch per million barrels of oil produced for the several 
assumed rates of production (Table 1), which shows that the pressure 
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decline during the year per million barrels of oil produced would be over 
eight times as rapid at a production rate of 1,000,000 bbl. per day as at 
400,000 bbl. per day. 


Tasie 1.—Predicted Rates of Pressure Decline 


Total Production, | Predicted Pressure, mares maaan fy Sain 

,| Aug. 193 ; ug. ; ‘ : illion Bbl. 
Apsimed Baten ti PAts ti gag Te Il Papas pak tg knell needa, (Ean Mba neaeae 
200,000 73,000,000 1,305 seeds +1.05 
400,000 146,000,000 1,215 — 13 —0.09 
600,000 219,000,000 1,130 — 98 —0.45 
800,000 292,000,000 1,035 —193 —0.66 
1,000,000 365,000,000 945 — 283 O51 


As mentioned before, the pressures are being lowered progressively 
in the Woodbine sand to the west of the East Texas field. The equations 
developed have also been used to gain some idea as to the extent of this 


mo 


1600 


485 LER Sc IN 


1400 


PRESSURE 


1300 


¥ 3 70 a i 
DISTANCE FROM FAST TEXAS FIELO MILES 


Via. 4.—PRESSURE GRADIENT SET UP IN WOODBINE SAND BY PRODUCING East TEXAS 
FIELD. 

decline in pressure. In Fig. 4 is shown the calculated pressure gradient 
for August, 1934, extending from the East Texas field out into the 
Woodbine formation. The curve indicates that the pressures have been 
lowered about 125 lb. per sq. in. at a distance of 5 miles and, further, that 
the influence of production from the East Texas field may be felt at a 
distance approximately 10 miles out in the Woodbine sand. 


CONCLUSIONS 


The data on the East Texas field indicate clearly that water drive or 
water encroachment is by far the most important agency in maintaining 
the reservoir pressure or in producing the oil. From the analysis 
described herein, it appears that the water moves into the field by virtue 
of its own expansion upon reduction of pressure, and not, as in many 
cases, by flowing through the entire formation from its surface outcrop 
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to the field. The effect of the expansive power of the water underlying 
. the oil is probably an important factor in a great many oil fields, yet this 
factor has been overlooked by most geologists and engineers in their 
investigations of the mechanism of oil production. 

The close agreement, as shown in Fig. 1, between the calculated 
behavior of the average reservoir pressure in the East Texas field and that 
actually observed indicates that the analysis can be used to predict 
changes in the average pressure over a reasonable period of time. Such 
calculations have important practical application in the estimation of the 
flowing life of the field, the determination of the proper rate of production, 
and similar problems. 
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NOMENCLATURE 


Pp, original reservoir pressure, lb. per sq. in. 
Pr, reservoir pressure at any time, Ib. per sq. in. 

gr, production rate at any time, bbl. per day. 

p, density of oil and gas mixture at P, lb. per cu. ft. 

K, permeability of sand, cu. ft. per day per sq. ft. per Ib. per sq. ft. per ft. 

c, expansibility of fluids, cu. ft. per cu. ft. per lb. per sq. ft. 

¢, porosity, fraction. 

a’, ratio, ois 
6, time, days. 
a, half length of field, ft. 
x, distance along coordinate parallel to north-south axis of field. 
y, distance along coordinate perpendicular to north-south axis of field. 
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DISCUSSION 
(T. V. Moore presiding) 


R. D. Wycxorr,* Pittsburgh, Pa.—At the meeting in Ponca City two years ago 
I objected to the assumption of a 100 per cent water drive in the East Texas field 
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because, on simple artesian flow theory, calculation showed that it was impossible to 
get the required volume of water encroachment under the existing pressure conditions. 
Furthermore, field measurements indicated variable gas-oil ratios that could obtain 
only if free gas were present in the sand and, in addition, declining pressures were 
being observed which, under simple artesian theory, would definitely indicate less 
than 100 per cent water drive. Thus the evidence at our disposal led us to no objec- 
tion to a partial gas drive. ; 

We have since had available the gas-saturation measurements for the East Texas 
field as obtained by Mr. Lindsly, which show conclusively that no gas is released from 
the oil above 750 lb. reservoir pressure. We were forced by this later evidence to 
obtain a 100 per cent water drive by considering the compressible fluid theory. Mr. 
Moore had pointed out the necessity of considering the compressibility of the water 
in the Woodbine basin, during the Ponca City discussion. 

In view of the importance of the subject, I am including a drawing (Fig. 5) showing 
the calculated pressure decline of the East Texas field as compared with the observed 
decline. The calculations follow the theory presented by Dr. Muskat’s paper on 
compressible fluid flow? and represent results obtained by a slightly different method ~ 
than that used by the authors. Thus, being an entirely independent check, it may aid 
in stressing the importance of the compressible fluid theory in consideration of water 
drives. 

In Fig. 5 the calculated pressures represent west-edge pressures and are, therefore, 
higher than the observed average field pressures because of the west-to-east pressure 
gradient across the field, the magnitude of which is approximately proportional to the 
production rate. The circles show the observed average pressures corrected to west- 
edge conditions by adding a correction factor that is proportional to the daily produc- 
tion rate. A remarkably good agreement is obtained except where abrupt changes in 
rate occur, giving rise to transients in the gradient across the field not accounted for 
in the simple correction factor, as well as to some uncertainty in the actual output of 
the field. 

Quite independently, we obtain about the same physical constants as have been 
presented in this paper, and the apparent effective compressibility of the water in the 
Woodbine horizon adjacent to the East Texas field is about 12 times the normal 
value for water. 


R. J. Scumraivus.—The water drive is likely to be important in other fields. I 
think that we can accomplish more by attacking the problem along this line than 


through equilibrium studies. 


F, Heravp,* Ft. Worth, Texas.—Was there a correction factor? What was it? 


R. A. Carrsxt, | Washington, D.C.—What were the pressures? Were they actual 
pressures or calculated? 


T. V. Moorz,{ Houston, Texas.—They were the average of shut in pressures on 
from 300 to 400 wells. 


7M. Muskat: The Flow of Compressible Fluids through Porous Media and 
Some Problems in Heat Conduction. Physics (March, 1934) Bagi: 

* Petroleum Geologist and Engineer. 

} Petroleum Engineer, U.S. Bureau of Mines. 

{ Charge of Production Research Division, Technical Service and Development 
Dept., Humble Oil & Refining Co. 
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H. D. Witps, Jr.,* Houston, Texas.—Laboratory data on the compressibility 
of the water in place in the Woodbine sand are not available. Although the com- 
pressibility used in the paper is about twelvefold that given in International Critical 
Tables, it must be remembered that, the value in the tables is for pure distilled water. 
Small quantities of dissolved gases and salts in the Woodbine water can easily account 
for its greater compressibility. The value used was arrived at one or two years ago. 
Using this value it has been possible to predict accurately the actual pressure changes 
that have occurred during this period. ‘ 


F. Heratp.—Approximately how many wells in the East Texas field are there in 
which the water has risen more than 10 feet? 


M. Ausertson,{+ Houston, Texas.—The average rise of the water table was 
recently estimated to be slightly less than 10 feet. 


T. V. Moors.—There is no conclusive proof that the average rise of the water 
table has been 10 feet. 


E. A. SrepxHenson,{t Rolla, Mo.—The best check on the accuracy of formulas 
comes in their application to future conditions. In this instance the problem was 
approached by individuals who originally had totally different viewpoints regarding | 
the phenomena involved. However, in both cases their independent mathematical 
analyses led to predictions concerning conditions at the East Texas field which sub- 
sequently were substantiated by the facts. As a result a new “‘tool”’ is available with 
which to forecast pressure conditions or demonstrate rates of withdrawal in the 
East Texas field. 


R. J. Scuittuurs.—It was necessary to set up the analysis of the East Texas 
water-drive problem for an ideal case, as it is, of course, impossible to account, in 
the analysis, for all of the irregularities in the shape of the East Texas field and 
Woodbine sand; and the variations in thickness, permeability and porosity of the sand 
which undoubtedly exist. As expected, it was necessary to make a correction or 
adjustment in the equations derived under the ideal case to make them applicable to 
the actual problem. Of the constants in the equations, that expressing the compressi- 
bility or expansibility of the water in the Woodbine sand to the west of the East Texas 
field was thought to be the one about which least was known, and by means of which 
it was found by trial that the required adjustments could be made most easily. The 
value of the adjusted constant which makes the ideal equations applicable to the 
actual problem is a little more than 10 times the value of the compressibility of pure 
water. It would be expected that the value should be somewhat higher than the 
compressibility of pure water, as the Woodbine water is more than likely saturated 
with gas, which would increase the water’s power of expansion. Furthermore, any 
oil or gas fields in the Woodbine basin, either discovered or undiscovered, that exiet 
not too far away from the East Texas field would cause the water to behave as though 
it were a more expansible fluid. 

In applying the equations to the problem, it was not necessary to make an estimate 
of the total quantity of water in the Woodbine basin. The process of flow is such that 
the water is caused to expand and flow toward the field from progressively greater and 
greater distances out in the Woodbine sand to the west of the field. The equations 
automatically take this into account. 


* Director of Production Research, Humble Oil & Refining Co. 
} Production Engineer, Shell Petroleum Corporation, Houston, Texas. 
{ Professor of Petroleum Engineering, Missouri School of Mines and Metallurgy. 
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Economical Selection of Sucker Rods 


By Buaine B. Wescottr* anp C. Norman BoweErs* 
(New York Meeting, February, 1935) 


MarkeED improvement in the serviceability of sucker rods has been 
_effected in the last two years, partly because of the insistent necessity for 

greater economy in the operating costs of crude oil production growing 
out of the general industrial depression and partly because many of the 
recently developed fields have imposed more severe operating conditions 
upon both surface and underground equipment. The latter is particu- 
larly true of Kansas, where practically all of the oil produced is associated 
with damaging amounts of hydrogen sulfide brine and where the method 
of establishing potential production demands equipment capable of being 
operated at maximum capacity without interruptions. The decline of 
flush production in the Oklahoma City field created new problems in 
deep-well pumping on a scale heretofore unequaled and the increased 
proportion of water it has been necessary to produce in the fields of the 
Greater Seminole area presented conditions that were acutely in need of 
betterment. The problem in the latter fields was complicated by the shift 
towards sulfide characteristics, which accompanied water encroachment, 
and it is probably true that nowhere, at the present time, are pump- 
ing conditions generally as severe as in this territory. The Mid-Conti- 
nent district, therefore, has become the proving ground for the numerous 
materials that have been proposed for sucker-rod fabrication. The 
information that ultimately will be obtained from an unprecedented 
amount of field experimentation will pay ample dividends when the 
decline of East Texas increases the demand for the vast reserves of sour 
crude in West Texas. 

It is a rare occurrence in industry that the use of such a simple piece 
of equipment as a sucker ‘rod presents so complicated a problem for 
solution. As proof of this, it is only necessary to consider the numerous 
types of sucker rods on the market at the present time and contrast this 
condition with that of less than four years ago, when it was the common 
aim of manufacturers to develop a single sucker rod for all conditions of 


Manuscript received at the office of the Institute Feb. 8, 1935. 
* Gulf Research & Development Corporation, Pittsburgh, Pa. 
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service. It is now recognized that this cannot be done economically, 
consequently manufacturers are offering from two to eight separate and 
distinct grades of sucker rods, in addition to which nearly all of these 
grades are made in both double pin and box and pin types in both 
25 and 30-ft. lengths. Obviously, such a wide variety is not conducive 
to low manufacturing costs, nor does it simplify the problem of the user in 
selecting the most suitable grade of sucker rods for any particular kind 
of service. 


CLASSIFICATION OF WELLS 


The present is a period of experimentation that will terminate, in all 
probability, in less than two years, with, at most, four grades of sucker 
rods, which will be sufficient to satisfy the requirements of all classes of 
pumping service. The two most important factors to be considered , 
when selecting sucker rods are the weight of the well and the degree of 
corrosivity of the fluid produced. The first of these factors is fixed 
by the depth to the fluid, size of pump, length and speed of stroke and 
the gravity of the fluid produced. The weight of a well, or, perhaps more 
accurately, the stresses imposed on sucker rods may be varied almost 
at will by adjustments of the three pumping conditions subject to control 
of the operator; namely, the size of pump and the length and speed of 
stroke. Sucker-rod failures can literally be controlled at will by regu- 
lation of pumping conditions, and it becomes the problem of each operator 
to decide when the proper economic balance is obtained between value of 
extra oil produced and cost of the consequent increased well trouble. 

The degree of corrosivity of the fluid produced is determined generally 
by. the presence or absence of hydrogen sulfide. Hydrogen sulfide, which 
is usually associated with production from lime and seldom from sand, 
always is responsible for increased trouble from underground equipment 
if water is being produced with the oil; in the absence of water it presents 
no problem. While there are certain nonsulfide fields that produce 
corrosive brine with the oil, the problems they present are neither as 
numerous nor as serious as those encountered in the sulfide fields. 

The kinds of service, therefore, for which sucker rods should be 
designed are: (1) noncorrosive fields; (2) corrosive, nonsulfide fields; (3) 
corrosive, sulfide fields. There are no sharp dividing lines between these 
three classes of service nor does it necessarily follow that all wells within a 
single field belong in the same class. Occasionally it may be found advan- 
tageous to subdivide one or more of the classes into light and heavy 
pumping wells. In the final analysis, it is advisable to make the classifica- 
tion in accordance with the grouping suggested, or by any other method 
that may be preferred, after consideration has been given to each well 
individually. It is essential that adequate individual well records be 
available if the greatest economy in production operations is to be assured. 
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Sucker-rod failures are not excessive in the noncorrosive wells or 
fields (class 1 above) and satisfactory sucker rods for these conditions 
have long been procurable. This is not true, however, of the corrosive 
conditions (classes 2 and 3 above) and a sizable degree of effort is being 
applied to the development of suitable rods for these purposes at the 
present time. In common with nearly all other corrosion problems, the 
real difficulty in solution is introduced by the necessity for providing a 
comparatively inexpensive material or materials for the purpose. Also 
in common with numerous other similar problems, the greatest ultimate 
economy is frequently not obtained if the selection of sucker rods is made 
only on the basis of original cost. 


PROPERTIES OF MATERIALS 


There is no single physical property by which the suitability of a steel 
or iron for sucker rods may be judged. Furthermore, the common 
physical properties as ordinarily provided are of little value in making a 
selection of sucker rods, and if the choice is based solely on these properties 
it is certain to prove expensive in many instances. Some of the physical 
properties that are not ordinarily determined are of much greater impor- 
tance and should be given careful consideration. 

The typical compositions of the various types of steels and irons used 
for sucker rods at this time are given in Table 1, which also includes the 
relative costs with respect to the cheapest plain carbon-steel sucker rod. 
The regularly reported, representative physical properties of these alloys 


Taste 1.—Chemical Compositions and Relative Costs of Sucker-rod 
Materials 


ee 


Constituent, Per Cent Relative 
Cost. Based 
Type on Cheap- 
Car-| Man-| Phos-| Sul- | Sili- | Chrom- Nickel Molyb-| Other Con- | est Sucker 
bon |ganese|phorus| fur | con ium denum | stituents Rod 
S.A.E. 1035..... 0.370} 0.830] 0.018)0.033)0.110 1.00 
§.A.E. 1045..... 0.450] 0.840] 0.027/0.041)0.210 1.00 
S.A.B. 1050...../0.510} 0.730 0.015|0.047|0.180 1,09 
S.A.E. Sha ory ss 0.340] 0.650) 0.015|0.020/0.190) 0.580 | 0.990 1 .25 
S.A.E. 4130..... 0.310] 0.620] 0.013|0.020)0.240) 0.720 0.210 1.40. 
§.A.E. 4615..... 0.180] 0.510} 0.012/0.006|0.230 1.570} 0.240 1.22 
1.25 per cent 
manganese... .|/0.360) 1.170 0.024/0.021|0.190 1.07 
1.75 per cent 
manganese... .|0.380} 1.910) 0.023 0.016|0.210 ls 
Toncan iron.....|0.050] 0.290) 0.009 0.006)0.050 0.110 | 0,510 copper 1.204 
Wrought iron. . .|0.030} 0.040 0.083/0.012/0.160 4.200 slag 1.30 
Nickel wrought E 
THOU Ss cheat a te 0.030} 0.040] 0.077/0.027|0.110 3.000 2.750 slag 1-79 
Nickel iron...... 0.030] 0.010] 0.003/0.006)0.030 3.520 1.45 
Nickel molyb- 
denum iron...|0.040} 0.130} 0.002 0.007|0.030 2.900} 0.140 1.42 


eee eee ee ee 
a Hstimated. 
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TaBLe 2.—Static Physical Properties of Sucker-rod M aterials 


Heat Treatment? 


Dee. P. _| ield | ensile | Mifon | tion of | Charpy | Bard: 
type [7] tr [Eb er| Een | ABS | HRPRST| nese 
| Quench! fee Draw! "Ps Poa aera ae Cent 
SVASEN 1035) a as 55,500 | 88,500 aio 56.4 30.3 169 
S.A.B: 10452, c0/hit 1,600 62,300 | 96,500 28.3 52.3 19.2 191 
§.A.E. 1050........ W 1,550 1,100 |100,700 {123,200 21.5 59.4 20ur 230 : 
SVAL Hy o130a a ene 1,600 81,900 |100,500 27.8 70.6 51.8 213 { 
SZAsBi4l30u. ea: te W 1,550 1,150 {111,300 |128,500 16.6 67.2 40.5 267 | 
S.A.E. 4615........ 58,500 84,700 29.0 66.0 33.7 171 : 
1.25 per cent man- 
ganese.......... 71,300 |100,000 28.8 63.9 34.6 206 
1.75 per cent man- 
PANEKC ee. osc oss 1,500 72,900 |118,200 23.5 56.3 32.1 235 
' Toncan iron....... “43,100 | 51,900 | 43.3 80.5 55.1 106 
Wrought iron...... 42,100 | 47,700 33.6 46.4 19.9 74 q 
Nickel wrought iron : 58,100 | 63,900 31.0 50.2 24.0 149 
Nickel iron........ 47,900 | 58,100 40.8 42.3 44.5 125 
Nickel molybdenum 
TOM etree tanec 52,500 | 63,600 37.8 70.3 43.5 140 


2 W indicates water quench. 


are given in Table 2. These two tables indicate the wide variations both 
in composition and properties of the materials being utilized and empha- 
size the fact that sucker rods are passing through a transitory stage of 
development that is not at all characterized by unanimity of opinion. 
The much less commonly reported fatigue or endurance properties 
of the same steels and irons are given in Table 3. The endurance limits 
were determined under three conditions of test; in air (i.e., no corrosion), 
immersed in oil-well brine and immersed in oil-well brine saturated with 
hydrogen sulfide. The manner in which these tests were conducted has 
been described elsewhere? and need not be repeated here. Also, the 
relation between experimentally determined endurance limits and those 
obtaining in actual operations was discussed in some detail and it was 
pointed out that while the two are not the same the experimentally 
determined values serve as a reliable means for the comparative classifica- 
tion of materials in their proper order of expected field performance. 
Since, as stated above, the most severe service is imposed on sucker rods 
in the sulfide fields, the most significant property is the hydrogen sulfide 
endurance limit. The great reduction in these values when compared 
to the ordinary endurance limits provides ample proof of this statement. 
The actual magnitude of this reduction for any particular material is a 
measure of the damage suffered as a result of the presence of the highly 
corrosive sulfide brine and is expressed, in Table 3, as the ratio of sulfide 


> B. B. Wescott and C. N. Bowers: Corrosion Fatigue and Sucker Rod Failures. 
Amer. Petr. Inst. Fourteenth Annual Meeting, Chicago, Ill, Oct. 24, 1933. 
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corrosion endurance limit to air endurance limit. The damage is not. 
constant for all materials and it is considerably less for the alloys of low 
carbon content. The lowering of the endurance limits in sulfide brine is 
not due solely to the greater corrosivity of the fluid; it is partly due to the 
embrittling action of hydrogen sulfide and it is also influenced by the 
susceptibility of the respective materials to stress concentration at 
the base of corrosion pits. 


TaBLE 3.—Endurance Properties of Sucker-rod Materials 


Heat Treatment? Endurance Limit 5 
Deg. F. (Lb. per Sa. In.) Ratios 
Type a Ke Cor Burge CL, ar 
or- in 2 eS 
Quench malize Draw AL reCL” poston, ING, AL 
SL 
BAR. 1085) 2. = pages nan 40,600 | 24,600 10,600 0.61 0.26 
STAC MAO050 i. eeebenee sores. W 1,550 1,100 | 66,900 | 25,600 14,100 0.38 0.21 
B OAL W Sil On coco ements os or on'e 1,600 55,100 | 31,600 15,900 0.57 0.29 
BAB 4130 create ese: W 1,550 1,150 | 70,100 26,900 14,100 0.38 0.20 
BALE. S615. . cc5 ee ae ee 48,600 | 33,100 19,900 0.68 0.41 
1.25 per cent manganese..... 48,900 | 19,600 | 14,600 0.40 0.30 
, 45,3800° 
1.75 per cent manganese..... 1,550 56,400 | 29,400 12,100 0.52 0.21 
Toncan iron. ...-.ke ae = = 22 36,400 16,900 11,900 0.46 0.33 
Wrought iron.....:......... 30,400 | 19,600 16,400 0.64 0.54 
Nickel wrought iron......... 42,600 | 25,100 | 18,600 0.59 0.44 
39,5002 
Nickel aronts.-..0-4eere ee > 2 39,600 | 26,900 19,100 0.68 0.48 
Nickel molybdenum iron..... 45,100 | 25,400 | 21.900 0.56 0.49 


ee 


« W indicates water quench. 
6 Values determined for complete reversal of axial stress by Haigh axial testing machine at the 
Research Laboratories of the Westinghouse Electric & Manufacturing Co. 


Instances of extreme brittleness of sucker rods are of quite frequent 
occurrence and this is caused by the action of hydrogen sulfide upon the 
steel. Relatively short exposure to the gas in the presence of water will 
embrittle steel seriously without any visible manifestation of the action 
either to the eye or at high magnification. The yield point and tensile 
strength are not affected, but there is a marked decrease in toughness, the 
extent of which can best be determined from measurements of elongation 
and reduction of area as given by ordinary tensile tests. Not all irons 
and steels are embrittled to the same extent and this factor should be con- 
sidered in selecting sucker rods for use in sulfide fields. The extent to 
which some of the sucker-rod steels are embrittled is given in Table 4. 
Of the six materials tested the 1.75 per cent manganese steel was embrit- 
tled to the greatest extent and the nickel iron was least affected. The 
manner in which the action of hydrogen sulfide is manifested is illustrated 
by Fig. 1. The tensile-test specimen at the left is nickel iron in the hot- 
rolled condition, second from the left is a specimen of the same material 
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after exposure to moist hydrogen sulfide. The two specimens on the 
right are 1.25 per cent manganese steel before and after exposure, respec- 
tively. In addition to loss of ductility the action of the gas entirely 
changes the nature of the fracture from the ordinary cup and cone 
appearance to one largely resembling failure by shear. From this fact 


Fig. 1.—EMBRITTLEMENT OF STEEL BY HYDROGEN SULFIDE. 


Left to right; nickel iron before exposure, nickel iron after exposure, 1.25 per cent 
manganese steel before exposure, 1.25 per cent manganese steel after exposure. 


and because of the short exposure required for embrittlement and the lack 
of visible evidence, it seems probable that the action is intercrystalline. 
Interaction between hydrogen sulfide and iron results in the formation 
of nascent hydrogen, which is adsorbed at the intercrystalline boundaries 
of the steel. The change of the adsorbed atomic hydrogen to molecular 
hydrogen is accomplished with increase in volume and consequent 
development of enormous internal pressure in the steel, which causes the 
loss in toughness and decreases the resistance to shock. It has been 
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shown’ that if the metal is already under high internal stress, i.e., in a 
cold-drawn condition, exposure to hydrogen sulfide for a very short time 
only may cause spontaneous rupture of the steel. It is, therefore, reason- 
able to suppose that a given steel would suffer more severely from this 
action in the heat-treated condition than in the annealed or even hot- 
rolled condition. Upon mild heating, or rather extended standing at 
atmospheric temperatures, steel recovers practically all of the ductility 
lost as a result of exposure to hydrogen sulfide. 


TasLE 4.—Embrittlement of Sucker-rod Steels by Hydrogen Sulfide 


Before Exposure to After Exposure to Per Cent Decrease 
Hydrogen Sulfide Hydrogen Sulfide (Embrittlement) 
Material and Condition 
Baa segdiesion sates eguees Elon- Reduction 
Aaland Par Gent eee By Gl eat gation in Area 
1.25 per cent manganese, 
ASELOILEd - octets es = <2 29.0 64.2 21.5 37.6 25.9 41.5 
1.25 per cent manganese, ; 
normalized...........| 27.5 64.5 17.8 34.3 35.3 46.8 
1.75 per cent manganese, 

normalized. - .amet.@. . 28.5 66.0 17.0 23.8 40.4 63.9 
S.A.E. 4615, asrolled....| 29.0 66.0 18.7 30.8 35.5 53.3 
Nickel wrought iron, as 

TOMER ee ee eee! < S 31.0 50.2 22.5 29.0 27.4 42.1 
NiekelGron..-) S00. ...| 408 72.3 32.0 45.5 21.6 Sil 


ee eee a 


Corrosion of iron or steel in the presence of hydrogen sulfide generally 
causes pitting of the surface, and surface pits in turn cause stress concen- 
tration because the continuity of the surface is disrupted. The base of a 
corrosion pit in a sucker rod, therefore, is a point of highly localized stress, 
and if the operating stresses are high it is possible for the unit stress at 
these points to exceed the endurance limit of the material. If this 
happens, and the stress does not at the same time exceed the yield point, 
an incipient crack will be developed, which ultimately will cause a fatigue 
failure. If, however, both the endurance limit and the yield point are 
exceeded at a point, the material will yield in a plastic manner and effect 
a redistribution of stress without the formation of the incipient crack. 
In order to classify sucker-rod materials with regard to their respective 
abilities to withstand highly localized stresses, a series of tests was made 
to determine the endurance limits of notched specimens. In the absence 
of corrosion, the stress-concentration factors so found indicate the relative 
degrees of sensitivity of the materials to surface discontinuities. The 


3L. W. Vollmer and B. B. Wescott: Effect of Hydrogen Sulfide on Wire Rope. 
Amer. Soc. Mech. Engrs. National Petroleum Meeting, Tulsa, Okla., Oct. 6 to 8, 


1930. 


results are given in Table 5. It is apparent that the ratio of the depth — 
of the notch (pit) to the section of the specimen has a marked effect on the _ 
stress-concentration factor. The exact shape of the notch also influences _ $e 
the results, the concentration of stress being greater as the sharpness 
of the notch at its root increases. The low-carbon nickel alloys have  _ 
greater resistance to stress concentration than the medium-carbon ~ * 
1.25 per cent manganese steel. Practically the same results were 
obtained from transverse and longitudinal methods of stressing. 


TaBLE 5.—Stress-concentration Factors of Sucker-rod Steels 
(60° groove having a radius of 0.0065 in. at its extremity.) 


Endurance Limit, Ratio of 
Lb. per Sq. In, Depth of Stress- 
Material and Condition 2a = ee Groove to concentration 
Diameter of Factor 


Unnotched| Notched Specimen 


Armco ingot iron (hot-rolled)......... 32,100 | 21,100 0.013 1.52 
Wrought iron (double refined)........ 30,400 | 19,600 | 0.013 1.55 
Nickel wrought iron (normalized 
1600°- FS): Meech See eee 41,100 | 29,900 0.013 1.37 
Nickel iron (normalized 1600° F.)..... 42,400 | 29,600 0.013 1.43 
Nickel wrought iron (hot-rolled)...... 42,600 | 16,900 0.100 2.52 
39,5002 | 16,8002 0.100 2.35 
1.25 per cent manganese steel (hot- 
rolled). }..2 oa iigeee. noe ne eee 48,900 | 27,100 0.050 1.80 
16,900 0.100 2.90 


* Results obtained from tests on Haigh axial testing machine at the Research 
Laboratories of the Westinghouse Electric & Manufacturing Company. 


TABLE 6.—Tensile Impact Properties of Sucker-rod Materials 


Heat Treatment,¢ Impact 

eg. F, Resistance Elon- | Reduc- 

gation, | tion of 

Type 5 a Per os 
4 -lb. ent in er 

Quench ge e | Draw | Ft-lb. per 2 In, Cent 

q. In. 
BOAT EALOAG Nw cara attcrtancis set Mere 1,600 124.2 4,880 26.7 53.8 
BATES FOROS oie buteiocce pita ataieters W 1,550 1,100 109.2 4,310 18.5 (play 6 
BAe Bie OL SOs, sate cincadeMevaiele aca 1,600 110.0 4,320 22.7 (Zed 
SSAC HAA 120% roc. de Noein W 1,550 1,150 82.8 3,260 14.0 68.3 
Sea327.461.5 coc. cates dei ae Rane 116.2 4,570 29.3 66.2 
1.25 per cent manganese......... 120.0 4,700 24.5 65.5 
1.75 pér cent manganese......... 1,550 112.8 4,440 19.0 65.0 
Toncan WOM. sss seen eee esses 106.5 4,190 37.0 71.5 
Wrought POD. sc eie saditerectca eterna 65.7 2,590 22.0 30.8 
Nickel wrought iron............ 83.7 3,300 29.0 36.6 
Nickel WOM S oi5,0" eu inte 114.8 4,520 41.2 75.7 
Nickel molybdenum iron........ 118.7 4,670 39.5 74.3 
es 


4 W indicates water quench. 
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Some speculation has been connected heretofore with the effect of 
instantaneous shock loads of high magnitude on the different steels, 
giving rise to uncertainty as to which types are best able to resist this 
action. Tensile impact tests furnish some information in answer to this 
question. Results of such tests on sucker-rod materials, given in Table 6, 
bring out several interesting facts. There is an exceedingly close 
agreement between the values for elongation and reduction of area 
as determined in regular tensile tests (Table 2) and in the tensile impact 
tests. The unit tensile impact resistance is more closely related to 
ductility as determined by reduction in area from tensile tests than to 
any other of the regularly determined physical properties. There is 
no apparent relationship between tensile impact strength and either 
tensile strength or yield point, since, for example, 8.A.E. 4130 steel, heat- 
treated to a tensile strength of 128,500 Ib. per sq. in., had practically 
the same tensile impact resistance as the nickel wrought iron with a 
tensile strength of only 63,900 lb. per sq. in. Apparently internal stress 
such as results from full heat treatment (quench and draw) or structural 
heterogeneity such as is characteristic of wrought iron tends to have a 
deleterious effect on tensile impact resistance. 


EVALUATION OF MATERIALS 


The value of data on the properties of materials is dependent, of 
course, upon the extent to which it can be translated into the purchase 
of equipment that will be most economical for a given purpose. In 
attempting to apply these data to sucker rods, it is important to consider 
what operating stresses they will be subjected to. There is ample 
information available to conclude that stresses of 30,000 lb. per sq. in. 
are not uncommon in Mid-Continent wells even when graduated strings 
of 7-in. and 34-in. sucker rods are used. In corrosive fields where 
pitting occurs, this stress may be increased by a factor of from 1.3 to 
2.5 because of stress concentration at the bottoms of pits, with the result 
that the stress at such points considerably exceeds the endurance limit. 
The average stress-concentration factor is probably between 1.5 and 
2.0, so that the localized stresses may occasionally be as high as 60,000 lb. 
per sq. in. The desirability of having the yield point low enough to 
be exceeded and thus permit redistribution of stresses has been alluded 
to. It has been concluded, therefore, that for this type of service—in 
sulfide fields—the sucker-rod material should have a yield point between 
50,000 and 60,000 lb. per sq. in. At the same time, maximum ductility 
and toughness should be provided by keeping the carbon content less 
than 0.10 per cent. The alloying elements used to obtain the yield point 
specified above should preferably belong to the class that forms solid 
solutions with the ferrite; carbide-forming elements are less desirable. 
High endurance and corrosion-endurance limits are of great importance, 
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although it is probable that various materials will not differ greatly in 
this respect if the other properties have been properly regulated. The 
tensile strength does not appear to be of any sensible moment so long 
as the other properties meet the requirements. 

An effort has been made to develop a more or less exact method 
for the evaluation of materials for operation under sulfide conditions 
by means of the following equation: 

(SL)? 
where V = the index value, 
yield point — 55,000 
< 55,000 
SL = sulfide corrosion endurance limit, 
W = calculated unit stress for any given conditions of operation. 


) 


This formula is based on the assumption that the optimum yield point 
for these conditions is 55,000 lb. per sq. in. The index value is lowered 
at an increasing rate by departures in yield point either above or below 
the optimum value and is proportional to the cube of the endurance 
limit. Attempts to evaluate materials on a basis of physical properties 
are of somewhat uncertain dependability and admittedly are empirical 
and arbitrary, but while the proposed equation is not an exception there 
is considerable evidence in its support from actual service records. The 
formula is applicable only to materials with yield points between the 
minimum value of 31,000 lb. per sq. in. and the maximum value of 
79,000 lb. per sq. in. Field experience indicates that materials with 
yield points lower than 40,000 lb. per sq. in. or greater than 70,000 Ib. per 
sq. in. are quite unsuited for this type of service. 

To illustrate the application of this formula, several materials have 
been evaluated for expected service at a peak load of 30,000 lb. per sq. in. 
(Table 7). To decide whether a more expensive material would be justi- 
fied for any particular case the initial cost and repair expense of the 
cheaper material would be compared with the initial cost and the repair 
expense of the more expensive material estimated from the comparison 
of the respective index values of the two. 

The index values cannot be applied too literally, since the formula 
by which they are calculated does not take into account two important 
interdependent factors, time and overstressing. Materials in fatigue 
service, i.e., subjected to repetitive stressing, behave differently when 
the applied stresses exceed the endurance limit. Since failures occur, 
this is the condition (overstressed) under which sucker rods operate. 
The fatigue curves (S-N diagrams) of four sucker-rod materials in air and 
in sulfide corrosion are given in Fig..2. The endurance limit is the 
stress at’ which these curves either approach or become horizontal. For 
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TABLE 7.—Calculated Index Values for Expected Service of Sucker-rod 
Materials 
(Assumed peak load 30,000 lb: per sq. in. in corrosive sulfide service.) 


. : Sulfide Corrosion 

Type Uniperserta.| dpndurance Limit, | Value 
SEACH LOGO seeceneted mnesetnres cape nie aoe oe 55,800 10,600 39.6 
SCAM Ee GL Dram Greets oa Share woo ele 58,500 19,900 257 0 
1.25 per cent manganese, hot-rolled....... 71,300 14,600 58.0 
1.75 per cent manganese, normalized...... 72,900 12,100 27.7 
NOVICE OGRE Ts: pea noats con = eee ratte Oe cae oa 43,100 11,900 43.1 
NVA OMTOcEUG NOT Cetera erties saistea cosas aloe das 42,100 16,400 106.6 
Nickelewrouehtarot. a metdtercd ee eriecnes 58,100 18,600 211.0 
Nel elhiromte ages sre ts oe ste ee ete 47,900 19,100 213.0 
Nickel molybdenum iron................ 52,500 21,900 346.5 


steels the curves become truly horizontal in the absence of corrosion, but 
they never become truly horizontal in corrosion-fatigue; the divergence 
increases with increasing degree of corrosivity. The portions of the 


LEGEND 


URANCE LIMIT 
SQ.) 


N] 


CORROSION 


MATERIAL 


. 1.25% MANGANESE STEEL 

. TONCAN IRON 

. NICKEL WROUGHT IRON 

. NICKEL~MOLYBOENUM IRON 


Fic. 2.—ENDURANCE PROPERTIES OF SUCKER-ROD MATERIALS IN AIR AND SULFIDE 
CORROSION-FATIGUE. 


curves to the left of the abrupt change in slope describe the behavior in 
the region of overstressing. It is characteristic of all materials being 
discussed that the damage from overstressing is much less in the absence 
of corrosion. Stated somewhat differently, under corrosive conditions 
overstressing will cause sucker-rod failures in a much shorter period 
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than under a similar degree of overstressing in noncorrosive conditions. 
Therefore, the selection of a material must take into account the ratio of 
stresses imposed by the given operating conditions to the respective 
endurance limit as well as the index value. For example, it would be 
unwise to select wrought iron for service in a well where the stresses exceed 
30,000 lb. per sq. in., even though its index value is comparatively high; 
much more economical service would be obtained from one of the mate- 
rials with higher sulfide endurance limit even at a greater cost. Hxperi- 
ence indicates that greatest freedom from failures will be obtained when 
the ratio of operating stresses to endurance limit is less than 1.5. 

A similar method for classification of materials could, if time 
permitted, be described for nonsulfide corrosive service, but in this 
connection it should be noted that, since the corresponding endurance 
limits are higher, the optimum yield point is higher. It is in this type of 
service, therefore, that the less expensive materials of higher strength 
can be used with economy. 


TasLe 8.—Classification of Sucker-rod Materials According to 
Service Conditions 


Type of Service 


Corrosive 
Noncorrosive 
Nonsulfide Sulfide 
| ; | ] 
Light ‘1 Heavy Light — Heavy Light — Heavy 
| 
S.A.H. 1085 S.A.E. 1050,||S.A.E. 10385 1.25 per cent] 1.25 per cent | Nickel wrought 
heat-treated manganese manganese jron 
S.A.E. 1045 S.A.H. 3130 S.A.E. 1045 uy dls) per cent || Wrought iron | Nickel iron 
manganese 
S.A.E. 4130, || Tonean iron 8.A.E. 3130 8.A.E. 4615 Nickel molyb- 
heat-treated denum iron 
1.25 per cent |) Wrought iron 1.25 per cent manganese 
manganese 
1.75 per cent Wrought iron S.A.E. 4615 
manganese 
1.25 per cent manganese Wrought iron 


SELECTION OF MATERIALS 


The opinion was expressed earlier that not more than four different 
types of sucker rods were needed to successfully satisfy all demands 
of current operating conditions. At least three times this number are 
available. It will require one or two years of operating experience to 
indicate definitely from an economic standpoint which four materials are 
most worthy of retention. The uncertainty at present is almost entirely 
concerned with materials for heavy pumping service in sulfide fields and 
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it is doubtful whether the material of greatest ultimate economy has even 
yet advanced to the stage of field tests. Four materials, all alloys of 
nickel, are now giving improved service under these conditions, but 
entirely too little attention has been given to alloying materials other 
than the comparatively expensive nickel. 

A classification of the 13 materials now being used, according to 
conditions of service, is given in Table 8. This classification, which 
expresses the opinions only of the authors, takes into account the physical 
properties of the materials that have been discussed. 
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DISCUSSION 
(P. HE. McKinney presiding) 


H. H. Powrr,* Tulsa, Okla.—What is the authors’ opinion regarding the endur- 
ance limit of the 1.25 per cent manganese steel in the normalized as compared with 
the unnormalized condition? 


C. N. Bowxrrs.—Our tests have shown practically no difference in endurance 
limits of this grade of steel in the normalized and unnormalized conditions under 
either corrosive or noncorrosive conditions. We have made some embrittlement 
tests on tensile specimens of this material in both conditions and while the normalizing 
seemed to have increased the susceptibility to embrittlement, the tests were too few 
to be conclusive. We expect to supplement this work in the future with a more 
extensive program, and I am sure that some definite information will be obtained 
a little Jater on. 


D. R. Dale,+ Toledo, Ohio.—The sucker-rod problem is not only fascinating; it is 
baffling. This paper has given much information that no doubt would reduce the 
number of failures in service if followed in the field. 

It was noticeable in the endurance limits given for the various materials under 
different conditions of corrosion-fatigue that the endurance limit under sulfide- 
corrosion limits with the best steel, that is, the one that showed the highest endurance 
limit, was roughly of the order of 22,000 lb. per sq. in. It has been stated that 
some of these peak loads run on the order of about 30,000 Ib. per sq. in. Therefore, 
the materials that have been tried up to date fall about 25 per cent short of a desirable 
endurance limit for good service; that is, they do not have adequate sulfide endurance 
limits to begin with. This brings up the point that sucker-rod strings should be 
designed (I do not mean the designing of the rod itself) from the beginning of pumping 
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operations. Consideration and thought should be given to the selection of material, 
and the string should be designed, by the use of proper plunger diameter and speed 
and stroke, to keep the maximum stress within the endurance limits of the material. 
Failure to do this is one of the reasons, I think, for so many sucker-rod failures. 

Another point that was not mentioned is the relation of impact values to field 
results. So far materials that have given good service have had comparatively low 
impact values. Materials that have not given such good service have had sometimes 
high and sometimes low impact values, and, as Dr. Wescott and Mr. Bowers have 
stated, there does not seem to be any one way by which the impact value of a sucker 
rod.can be correlated with service. At present, I think it is not known whether a 
good sucker rod should have certain chemical reactions or certain physical properties. 
I think that within the next year these points should be cleared up. 

I was sorry to see that a formula for evaluating sucker-rod service was injected 
into the paper. The question of a formula for evaluating sucker rods has come up 
before a section of the A.P.I. for years, and I do not believe that we can ever arrive 
at a formula that will evaluate the service of sucker rods. The variables are too 
numerous and ponderous to be calculated. This formula, however, could be used 
as a criterion of service expected, say in a new field. If the fluid, operating conditions 
and required production are known, such a formula might be used as a means of 
selecting the right material, but I believe that danger lies in the use of such a formula, 
in that if results are not as expected blame may be laid upon the material rather than 
upon the formula. In this formula the expressions seem to me to be entirely too 
empirical, in that numerous unknown quantities, such as instantaneous peak loads 
and stress concentration due to notch affects, cannot be exactly calculated, but never- 
theless have an important influence on the results. I hope that operators in general 
will not try to use this formula as a means of evaluating sucker-rod service. 


B. B. Wescotr.—The formula is purely arbitrary and represents what might be 
called a first approximation in an attempt to evaluate steel by consideration of the 
more important physical properties that seem to have a bearing on sucker-rod service. 
I agree with Mr. Dale that it is of general and not specific nature and is intended 
primarily to assist in making an economical selection of materials for service in new 
fields under conditions that are not entirely known, and to provide a method by which 
the suitability of new steels for this kind of service may be judged approximately. 


K. H. Ruap,* Bethlehem, Pa.—I believe Mr. Bowers mentioned four materials 
that have been found satisfactory for sucker rods. I understood him to say that 
they all contained nickel, but I do not recall the other alloys. 


B. B. Wescorr.—I think Mr. Bowers said that it was predicted that four materials 
would eventually be found to be a sufficient variety to satisfy all operating conditions, 
and that these materials would be designed for noncorrosive service, corrosive non- 
sulfide service, and corrosive sulfide service. There was no prediction of just what 
these materials would be. Some 18 types of steel are being manufactured into sucker 
rods at the present time. This large number is confusing to the purchaser and is 
uneconomical for the sucker-rod manufacturers because of the large stocks that must 
be carried. It is predicted that four types will be sufficient to meet all demands of 
the different operating conditions. 


eG: OprENHEM, f Trenton, N. J.—What proportion of wells are considered 
moderately corrosive and very corrosive, including the hydrogen sulfide wells that 
are pumped? 


* Bethlehem Steel Co. 
} Research Engineer, John A. Roebling Sons Co. 


a ee 


DISCUSSION 191 


B. B. Wescort.—In general, any well that is of a sulfide nature and producing 
water at the same time gives more or less trouble from corrosion. If such a well is 
not making water, there will be no extensive corrosion difficulties. 


E. G. OppennHEIM.—May I modify that a bit? I should like to learn about what 
percentage of wells would be considered moderately corrosive as compared with all 
the wells. | 


B. B. Wescorr.—That is difficult to answer. In general, all of the wells in Kansas, 
most of the wells in West Texas, and probably 10 to 15 per cent of the wells in the 
Gulf Coast district, might be considered severely corrosive. Practically all Kansas 
and West Texas production is sulfide. However, many of the West Texas wells are 
not troublesome at present, because of proration. 


R. L. Durr,* Elizabeth, N. J—What proof is there that hydrogen sulfide attack 
is intercrystalline? 


B. B. Wescort.—The main evidence is that failures occur suddenly: the length 
of time of exposure of steel to hydrogen sulfide required to embrittle it is so short 
that it is hard to believe that the action could be anything else. 


R. L. Durr.—lIf it is intercrystalline, carbon is eliminated as methane; and 
another thing, this material can be recon- 
ditioned by temperature. If it cannot be 
reconditioned, it is a chemical reaction and 
not a mechanical absorption. 


B. B. Wescotr.—The embrittlement 
action is physical if intercrystalline, but 
if it is intracrystalline it must be chemical. 


R. L. Durr.—I do not agree with you 
there. 


B. B. Wescort.—Nascent hydrogen is 
readily adsorbed by steel. If the embrittle- 
ment were chemical in nature it is hard to 
understand how it could take place so 
rapidly at ordinary temperatures or how the 
steel could recover nearly all its ductility 
on standing or by moderate baking. 


R. L. Durr.—Most attack by hydrogen es Sr ae ee eae 
is corrected by temperature as, for instance, ce SUE RMADETINGCTROM mM RInEtEE 
caustic embrittlement can be reconditioned yenp BY HYDROGEN SULFIDE. 250. 
by possibly 400° or 500°F. Also, some of the 
higher alloys being attacked by hydrogen through adsorption can also be recondi- 
tioned by temperature. Possibly sunlight in itself will recondition your sucker rods 
in time. I still cannot see that it is a chemical attack. 


B. B. Wescorr.—I do not believe embrittlement is a chemical reaction, although 
the nascent hydrogen responsible for the embrittlement is generated by a 
chemical reaction. 


* Metallurgical Technologist, Standard Oil Development Co. 
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R. L. Durr.—If it is intercrystalline I cannot see that it can be anything else but 
chemical. You have decreased your carbon content. A chemical analysis would 
show a loss of carbon content, if the attack were chemical. The microscope also 
would show a chemical attack. Also, in going into this subject of hydrogen attack 
of steels, I think I have learned that it takes temperature to cause chemical attack 
of plain carbon steel. 


B. B. Wescorr.—No evidence was included in the paper to indicate whether 
embrittlement was intercrystalline or intracrystalline in nature since, it did not occur 
to the authors that any one familiar with hydrogen sulfide embrittlement of steel 
would doubt that it was intercrystalline. Fig. 3 was prepared to dissipate 
any doubt that might remain. It is a photomicrograph of a crack resulting 
from hydrogen sulfide embrittlement and it clearly shows that the fracture is 
completely intererystalline. 


Chapter III. Stabilization 


(New York Meeting, February, 1934) 


On Feb. 22, 1934, the A.I.M.E. Petroleum Division Stabilization 
Committee conducted a symposium in New York City on stabilization 
of the oil industry. Among those taking active part in the discussion 
were Messrs. Sidney Swensrud, Joseph E. Pogue, W. 8. Farish, J. B. 
Umpleby, H. D. Wilde, W. E. Wrather, Northcutt Ely, E. L. DeGolyer, 
E. A. Stephenson, Earl Oliver, Amos L. Beaty, Nathan R. Margold, 
Henry M. Bates and Roscoe Pound. Because of the volume of this 
discussion it was withheld from publication in the 1934 annual petroleum 
volume with the expectation that a special volume on Petroleum Stabili- 
zation would be issued during the year in which the entire discussion 
could be published. That was not done. The addresses of Dean Bates 
and Dean Pound, dealing as they do with broad principles of Con- 
stitutional law, are as timely now as they were when delivered one 
year ago and are reproduced herein for their bearing on current legis- 
lative proposals. 


Some Constitutional Aspects of the Oil Problem 


By Henry M. Bates, Dean or Micnican Law ScHOOL 


Mr. Chairman and Gentlemen: I accepted your Chairman’s invita- 
tion to speak to a group of experts in this field with the greatest hesita- 
tion, because I know little or nothing about it. Certainly I can make 
no detailed suggestions, or suggest planning along very definite lines. 
You cannot do that sort of thing in a vacuum, and as I have suggested, 
my knowledge of the whole oil problem is next to nothing. Itis possible 
that as a student of our public law, constitutional law particularly, for 
a number of years, I have acquired a perspective that may enable me to 
offer, for what they are worth, some general thoughts on these problems. 

I think that nothing in the whole field of law requires more definitely 
and clearly the functional approach than does the problem of a sound 

legal solution of the difficulties of the oil and gas industry. The industry 
is dealing with substances that are peculiar, and one must know how 
those substances act and what has been the history of the industry, 
to undertake to make anything like specific suggestions. I certainly 


am not qualified. 
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-cuts across the control which Congress has over industry and commerce. 
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This morning I had ‘the pleasure of hearing a paper by Judge Beaty’, 
which made certain suggestions which I want to say something about, 
before I read a very hastily prepared paper. It was clearly brought out 
in his paper that the difficulties that the oil industry is encountering in 
the legal field cluster very largely about two or three governmental and 
legal principles or concepts. 

In the first place, there are some unfortunate notions about the pro- 
tection supposed to be thrown about property by the due process clauses 
in federal and state constitutions, which have stood in the way of dealing 
with oil, in the past, as intelligence required it should be dealt with. 
Then there is the division of powers of government, in our country, 
between the Federal Government and the state governments, and that 


Finally, among the three things that I think of in relation to Judge 
Beaty’s paper is the difficult matter of the distribution of governmental 
powers to the legislative, executive, and judicial departments. 

Now as to notions of property, I suppose that while the human race 
has always been acquisitive and has desired possessions, property as we 
know it today is relatively a late development in our law. It is not an 
absolute, it is not a God-given, concept. The term is one that we use 
to describe what we call rights, a group of rights acquired under certain 
conditions. It is not a rigid, enduring thing in the form in which 
it originated. 

In the present period we see some of the earlier conceptions about 
property subjected to great pressure and more or less disintegrating influ- 
ences, with growing restraints upon property rights. 

More specifically, what do the due process of law clauses in the Fifth 
and Fourteenth Amendments to the Federal Constitution, and in all 


‘state constitutions, have to say in relation to property, especially in 


protecting it, if that be the proper word, from some sort of regulation 
or supervision by government? 

When I first began to study law, what was stereotyped out to almost 
every student was that ownership was absolute and that if it were land 
you were considering, you owned it from the center of the earth to the 
sky and nobody could interfere with your using that property precisely as 
you might wish to use it, as long as you did not specifically injure others. 

Somehow or other, by a species of reasoning which I have never been 
able to follow, it has been supposed that the due process clause pro- 
tects that early conception, that primitive conception of property and 
its management. . 

Well, what is due process of law? In the first place, itis not a rule 
of law in any proper sense of the words used. I think of it, at least in 


* A. L. Beaty: Quotas in Commerce. Oil & Gas Jul. (March 1, 1934). 
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relation to such subjects as this, as a standard of governmental action in 
relation to citizens and the rights which they are supposed to have. 

We don’t know how old the concept is. Of course, every school boy 
knows that the term or an equivalent of it was used in Magna Charta. 
But that term was then so definitely crystallized that the concept must 
have been far older. I think I see indications of it in an Egyptian code 
which most law teachers know a little about—a code that was developed 
about 2550 B.C. You find equivalent concepts of one sort or another 
in almost every civilized nation. 

It is utterly absurd to suppose that the due process clause, properly 

interpreted, can interpose obstacles, barriers to reasonable and just 
regulation of what we call property rights, simply because they are novel 
or because no exact precedent can be found, and because they do to some 
extent impinge upon complete and absolute management and control 
by the so-called owner. 

We have been living in a period in which, because of the conditions of 
this country, with its rapid growth, its conquest of a great continent and 
all that, the need of giving initiative every chance in the world was 

_ paramount and overemphasis upon the acquisition of wealth was very 
great. And during that period the due process clause has been given a 
constricted and distorted meaning and has been applied in an artificial 
way to many situations. : 

I recall a case in which the due process clause was urged as preventing 
a state from regulating the sizes of loaves of bread sold by bakers. It 
may be very ridiculous, very unnecessary, to regulate the sizes of loaves 
of bread, but to suppose that a governmental standard or policy of the 
age and scope of the due process concept would be rationally applied 
to a meticulous proposal of that sort seems to be quite absurd. The 
case got clear to the Supreme Court of the United States, after many 
vicissitudes, and the idea was rejected by the court. But many cases . 
could be cited if time permitted, in which things not quite so absurd, 
so extreme, as the argument of counsel in that case, were really listened 
to and accepted by the court. 

To my way of thinking, the due process clause does not prevent the 
adoption of methods and regulations that are reasonable, that work 
justice as among owners of a particular kind of property, where, as is 
especially true in this case, the public welfare seems to require such 
methods and regulations. There is plenty of Supreme Court authority 
for these views. 

As to the distribution of powers of government between nation and 
states, it is not true that there are certain definite specific powers which 
wholly and absolutely belong to the states as such and concerning which 
the Federal Government has no power. For example, the power to 
legislate or make laws in relation to the holding of real property is one of 
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those powers properly exercised by the states and a power which, of 
course, falls among those which have been reserved to the state. And 
yet it has been shown that the Federal Government may properly exercise 
important control over real property in the states. Treaties have made 
provisions contrary to the laws of particular states, and the Supreme 
Court has sustained the treaties. Thus there is a somewhat indefinite, 
somewhat expansible, area in which the Federal Government may 
intervene in relation to law relating to property—as intensely a local 
thing as one can call to mind. 

In other words, putting it briefly, as our life changes, as our occupa- 
tions become more intricate and as they become more integrated into 
each other, there are produced conditions not dreamed of in 1787, which 
the states as such cannot handle effectively, sometimes not at all. Condi- 
tions arise which bring many subjects ordinarily passed upon and con- 
trolled by the states within the range of existing Federal powers. It 
is not that new Federal powers have been created; it is not that powers 
have been taken away from the states. It is simply that a life strikingly 
different from the life of 1787 has produced a great many situations, 
possibly through integration of one thing into another, and one function 
into another, which not only require but which constitutionally justify 
Federal activity. 

Now, of course, that is peculiarly true about the law relating to inter- 
state commerce, and Judge Beaty this morning made it very clear how 
in relation to oil, particularly matters ordinarily exclusively local, by 
virtue of integration into other processes, become so associated with 
transportation and business in other states as to become properly within 
the interstate commerce powers of Congress. 

Perhaps it is necessary to say not that new conditions have given the 
Federal Government any authority over production as distinguished from 
commerce, but that commerce, under modern conditions, reaching back 
into production, has integrated certain aspects of that production with 
itself so definitely, so clearly, that to make control of commerce effective 
the authority of Congress in that regard is plenary. Congress must 
have the authority, and constitutionally does have it, to take whatever 
steps within reason may be necessary to regulate for commercial ends 
business of this character. 

In all of the problems thus suggested the question of delegation of 
power, legislative power usually, is pretty apt to arise. It has arisen 
definitely in relation to the oil industry. Delegation is a method utilized 
by the N.R.A. in the codes for certain purposes, and a question is, how 
far can delegation go? There, again, I think that today we have to rid 
ourselves of certain early acquired notions about the distribution of 
powers of government into the legislative, executive, and judicial depart- 
ments. We have to reconsider, at least, the maxim that a delegated 
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power cannot be delegated. Why do we have to reconsider? Why 
is there some question about the one hundred per cent validity of 
these maxims? 

Well, in the first place, we know that there never was complete separa- 
tion of the three powers of government, anywhere on the face of the earth, 
and that we adopted the theory with fervor and put it into our Constitu- 
tion upon a mistaken notion, largely. As I have indicated, it is impossible 
to separate these powers completely, even as a matter of abstract defini- 
tion. As a matter of practice, it cannot be accomplished. There has 
always been some crossing of lines. 

A young friend of mine has just written a thesis on “ The Development 
of Administrative Law in Canada.” And it shows that Canada and our 
own Colonies, long before 1787, often merged, to a considerable extent, 
two of these powers in the hands of administrative officers or tribunals, 
as we should call them today. 

Now with those suggestions made, I shall, with some hesitation, 
proceed to read at least a part of this paper. 

The purpose of this paper is to refer briefly to some of the important 
features of our governmental structure and to some of the broad standards 
and principles of our legal system, which bear upon the ownership and 
production of oil and gas. The law relating to what is called the ‘‘oil 
problem” has been discussed exhaustively and from every point of view, 
by numerous writers and speakers during the last few years. It would, 
therefore, be superfluous to present, on this occasion, a detailed discussion 
of the legislative acts, court decisions and administrative regulations 
relating to this problem. 

In the whole range of legal developments there is, I believe, no other 
situation so dramatically illustrative of the vital importance of a correct 
understanding of the fact situation and of the formation of a sound theory 
concerning it as is the present plight of the oil industry. 

(Interpolation No.1) This matter has been discussed so exhaustively 
by many writers and speakers, some of whom are present, that it would be 
quite absurd for me to go into a detailed discussion of the legal problem. 
Moreover, it is my belief that development in your field is not going to 
come by meticulous following of precedents and the consideration of 
fine distinctions. It is going to come by taking into account some of the 
broad developments and by dealing with your subject broadly. 

(Continuation of paper) The infinite harm to the public welfare, and 
the serious injury inflicted upon legitimate private interests which may 
be caused by erroneous fact assumptions and false deductions of law 
drawn therefrom are now being demonstrated with tragic intensity in the 
oil and gas situation. The problem presented by existing demoralized 
conditions in the production of petroleum and its derivatives, is one of 
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vital importance, not only to the owners and operators of oil wells and 
to the oil industry as a whole, but not less to the entire nation. 

It is well known that the oil industry is a very new one, scarcely 
seventy-five years of age. But despite its rapid development and its 
exploitation of wealth fabulously great, its troubles have more than 
kept pace with its growth and today the industry’s condition suggests 
the plight of the “poor little rich girl.” It is calamitous that when the 
earliest oil controversies were brought into Pennsylvania and other 
courts little was known about the nature of oil and gas, of their inter- 
action upon each other, or of the effect upon the entire oil field produced 
by the operation of wells therein. 

But it was natural that in the beginning courts should have seized 
upon analogies in the law of real property to guide them to a determi- 
nation of the issues presented. Some judges compared oil and gas to 
hard and stationary minerals in the soil, such as coal and iron, but of 
course it was known even then that oil and gas did not behave like hard 
minerals. Behavior perhaps may not properly be attributed to inani- 
mate objects, but the volatile nature of oil and gas suggested behavior, 
and earlier Pennsylvania courts had thought that they might be likened, 
for legal purposes, to wild animals, not subject to ownership in place but 
belonging to him who first subjected them to possession. They were 
also likened to percolating underground waters, but these naive theories 
confined within the strait-jacket of the common law, led to much the 
same results—results most unfortunate to individuals and to the public. 

The adoption of these erroneous theories has produced enormous 
losses and waste of valuable natural resources, which, though existing 
in abundant quantity, are nevertheless definitely exhaustible resources, 
vital perhaps to national defense in time of war and absolutely essential 
to industry, commerce and transportation, as now conducted. The 
unrestricted exploitation of these natural resources that followed the 
realization of the riches which they produced has naturally attracted all 
kinds of men, the bad among the good, and set in motion a feverish and 
ruthless pursuit of this wealth in the ground, that has led to injustice 
among men scarcely less harmful than the great waste of these gifts 
of nature. Fortunately, however, the appalling waste which followed 
the ignorant and ruthless pursuit of fortunes to be pumped from the 
earth, particularly in recent years, has occupied the attention and 
enlisted the services of thoughtful and able men, some of whom, at least, 
have been as conscious of the public stake in this matter as of the private 
interests involved. The industry and the country unquestionably owe a 
debt of gratitude to some of these men who have rendered yeoman 
service in the difficult and complicated task of uprooting erroneous 
beliefs and theories and substituting enlightened plans for operation and 
production based upon ascertained facts and scientific principles. 
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The abuses and evils in the production of oil, which leaders in the 
industry itself are endeavoring to cure, are too well known to justify 
enlargement upon them here. The effect of early court decisions based 
upon the erroneous theories heretofore referred to, was to make legal the 
pumping of all of the oil and gas possible from every man’s well. Thus in 
the larger fields one producer might, and in fact often did, pump vast 
quantities of oil and gas underlying lands belonging to or controlled by 
other producers. This in itself violates any sane theory of property 
rights. It has induced a feverish scramble to get all that each owner 
can pump regardless of whose land it underlies, and in order to prevent 
owners of adjacent lands from securing the oil lying therein, the mad 
scramble further resulted in the waste of vast quantities of gas which 
were allowed to escape in the air, a result not only disastrous in itself 
but which produced even greater losses, in that the released gas was no 
longer available for propelling the oil toward the surface. The losses 
thus caused unquestionably mount into the billions of dollars and con- 
stitute the most reckless, extravagant waste of natural resources that 
even the American people have been guilty of. Moreover, this mad and 
greedy race for wealth has made it impossible in this country to adopt 
intelligent and effective methods of production, the cost of which has 
thus been made greatly and unnecessarily high. This high cost of 
production makes it impossible for American producers to compete with 
the British and other European producers owning oil rights in Persia, 
Turkey, and other countries. 

Finally, those methods of production and distribution which have 
heretofore prevailed in this country have taken no account of the so-called 
economic laws of supply and demand, of present or of future needs, but 
have dumped upon an already saturated market vast quantities of 
petroleum, thus often depressing the market prices far below the cost of 
production. The American public will in the future pay a heavy price 
for such advantage as it has obtained from buying oil below cost during 
this period of unintelligent and unjust distributive scramble. 

The direction that remedial steps must take is fairly obvious and 
several such plans have been outlined by the industry itself and by 
others. It is unnecessary for me to describe here proration and unit 
operation. The details of these and other suggested methods of pro- 
duction and of determining distributive shares are far better understood 
by members of this Institute than by me, but perhaps it may be perti- 
nent to say that, from the lawyer’s viewpoint, the most strongly sup- - 
ported proposals look to the establishment of certain corrective measures, 
among which are the following: (1) the allotment to each producer of 
that proportion of the total oil and gas content of the field which lies 
beneath the land he owns or controls. 
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(Interpolation No. 2) I am not sufficiently conversant with the 
details of that to say whether other factors are taken into consideration 
to determine the distributive share, but as I understand it that is the 
principal measure used. 

(Continuation of paper) We are told on good authority that as an 
engineering matter it is quite possible to ascertain with reasonable 
accuracy the share of oil to which each producer is justly entitled on this 
basis. (2) As the proration plan in itself is inadequate to produce desired 
results for reasons well known, the idea of unit operation was developed 
and worked out in considerable detail. This aims not only atallocating 
to each producer his just share, but also it makes possible scientific and 
economic methods of production. Furthermore, unit operation would 
tend to secure production at times, places and in the quantities reasonably 
calculated to adequately supply the market with prices just to the con- 
sumer as well as to the producer, and thus to conserve these great natu- 
ral resources. 

In 1927 the Federal Oil Conservation Board created, with the cooper- 
ation of the American Bar Association, a committee of nine to consider 
plans to promote the conservation of petroleum and natural gas. This 
committee consisted of three members of the American Bar Association, 
three representatives of the oil industry and three officers of the United 
States Government. After prolonged consideration, during which public 
hearings, open to all who were interested, were held at Washington, the 
committee made a report to the Federal Oil Conservation Board which 
contained the following recommendations: 

1. Federal legislation which shall (a) unequivocally declare that 
agreements for the cooperative development and operation of single 
pools are not in violation of the Federal antitrust laws, and (b) permit, 
under suitable safeguards, the making, in times of overproduction, of 
agreements between oil producers for the curtailment of production. . 

2. Similar legislation by the various oil-producing states. 

3. Immediate further study into the matter of the waste of natural 
gas, in order that legislation may be formulated which will forbid such 
waste as fully as may be done without working injustice and unreason- 
able hardship. 

With reference to the proposed state legislation, the committee, it 
will be noted, recommended further study of the underlying problems 
before the drafting of a proposed bill. The committee indicated, how- 
ever, a strong belief that there should be cooperative development of oil 
fields by their owners and operators. The committee did not suggest 
compulsory unit operation. The committee’s report still seems to me to 
be based upon known facts and to embody sound conclusions and recom- 
mendations. But, though I was a member of the committee, I have 
always felt that its report fell short in some particulars of making recom- 
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mendations that might effectively remove fundamental evils from the 
present situation. The report was, of course, a compromise to some 
extent, of conflicting views of some members of the committee, but to a 
far greater extent it was a compromise between opinions as to what was 
desirable, held by all members of the committee, and their conclusions 
as to what it was practicable and wise to ask for at that particular time. 
Undoubtedly, the Federal Oil Conservation Board would have approved, 
in principle, of more drastic regulation of the production of oil than that 
recommended by the Committee’s report. However, it was felt by all 
that with the political campaign approaching Congress and state legis- 
latures would refuse to consider very material departures from existing 
methods of control. 

(Interpolation No. 3) The presidential campaign was not so very 
far away and whatever the Federal Oil Conservation Board might have 
been willing to do, if it had the power, even its recommendations appar- 
ently were too strong for Congress to care to deal with. 

(Continuation of paper) It was, and still is, my belief that com- 
pulsory unit production is not forbidden by constitutional provisions, 
federal or state, but on the contrary, is within the range of our govern- 
mental powers and is within the spirit and principle of the common law, 
as shown by many decided cases. 

All kinds of legal objections have, of course, been urged to every 
progressive proposal of a solution of the problems. The early decisions 
already alluded to here, it was argued, had established the law for all time 
as making legally impossible any interference with or regulation of owners 
in dealing with their property as they liked. But with the advance of 
scientific understanding of the nature and action of oi] and gas, the 
theories underlying these early decisions were bound to yield, as indeed 
they already have, in most of the jurisdictions of the country. Once 
the facts were known, it has been easy to persuade most courts that the 
peculiar fugacious character of oil and gas and the dynamic character of 
gas in propelling oil toward the surface, made the supposed analogy 
to wild animals not only grotesquely absurd, but resulted in injustice 
violative of the spirit of the common law of property and productive of 
disastrous losses to all concerned. 

However, it was soon demonstrated that the substitution of sound 
methods of production could not be left to the owners of oil properties. 
Some degree of compulsory cooperation was clearly necessary and this 
meant governmental supervision and control. The earlier efforts to 
secure such governmental action were addressed to the several states, 
but here again greed and ignorance combined to prevent proper and just 
allotments of production as between the states. Some kind of federal 
action was obviously desirable. Against all efforts to secure this govern- 
mental cooperation with and supervision of oil production, opponents of 
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effective regulation have persistently urged narrow and antiquated 
theories of the law of property, the due process clauses of the state and 


Federal constitutions, historically unsound versions of the reserved powers 1 


of the states, and unrealistic concepts of the limits of the interstate com- 
merce power of Congress. f 

(Interpolation No.4) Just a word thrown in about the reserve powers 
and the restrictions which the reservation puts upon the exercise of the 
commerce power. Have we not all got far enough away from the early 
period of our history to discuss objectively so-called state sovereignty and 
so-called state rights and so-called national powers? Well, when a state 
gets into action, even some pretty well to the south, and I am not forgetful 
of the fact that in New England there was a period when state rights were 
shrieked as loudly as anywhere in the country and secession was suggested 
before South Carolina began to move—so if there would seem to be any 
criticism on what I say about those conceptions, it is certainly not directed 
to any section of the country. It was inevitable, of course, in view of our 
history that we should come into our present government with the 
conception that sovereignty was divided piecemeal. You cannot divide 
sovereignty into pieces as if it were pie; it does not yield to that sort of 
action. There are interrelations which no knife can cut. 

I was interested to see that not very long ago the Attorney General of 
Arizona in a petition filed in the United States Supreme Court in relation 
to the construction of a dam, which many of you no doubt know about 
far more than I do, spoke of the quasi-sovereignty of the State of Arizona. 
And he complained that the proposed dam was an invasion of that 
“quasi-sovereignty.’’ That indicated some advance in objective thinking 
about that controversial question. The grant of federal powers was in 
such general terms and over such matters that their gradual application 
to new things was bound to result in such situations at least as the 
Attorney General of Arizona complained about. 

(Continuation of paper) Several papers, read before this and other 
associations interested in the problem, have dealt rather extensively with 
the common law background for governmental regulation of the kinds of 
property, and functions involved in oil production, so that it seems 
appropriate here to indicate briefly the characteristics of this property 
which make regulation feasible, if not necessary. 

In an important case decided by the Supreme Court of the United 
States (Head v. Mgg. Co., 113 U.S. 9) the court declared that “when 
property in which several persons have a common interest cannot be 
fully and beneficially enjoyed in its existing condition the law often 
provides a way in which they may compel one another to submit to 
measures necessary to secure its beneficial enjoyment, making equitable 
compensation to any whose control of, or interest in the property, is 
thereby modified.” The opinion goes on to refer to many such situations 
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‘as the tenants in common in land, who may be compelled to submit 
to a partition if the land cannot be equally divided, to water rights held in 
common, which may be the subject of partition in equity and other 
instances. The principle was recognized as long ago as the time of Lord 
Coke, and is the basis of the numerous mill acts in New England, all of 
which compel the submission of individual rights to the common interests 
and rights of all concerned. Other examples may be taken from the 
maritime law and from the statutes relating to irrigation and drainage. 
In truth, the principle is well recognized and has been applied to many 
situations. In none of these older cases was the need of compulsory 
cooperation as obvious and as important as it is in relation to the produc- 
tion of oil. Not only is the necessity for compulsory cooperation greater 
and more demonstrable in the case of oil producers than in any other 
situations just referred to, but the public interest, both national and state, 
is infinitely greater. It is well known to all that the principle here 
contended for was essentially conceded in the case of Ohio Oil Company v. 
Indiana, 177 U.S. 190. The Supreme Court in that case chose to base its 
decision principally upon the private interests of the owners and the 
necessity of doing justice between them. It might well, however, 
have relied chiefly, if not exclusively, upon the importance of conservation 
to the public welfare and national needs. Reference will be made here-to 
only one more case, that of Marrs. v. The City of Oxford, 32 Fed. (2) 134, in 
which the United States Circuit of Appeals, sustaining an ordinance of 
the city of Oxford in Kansas, set up at least a rudimentary scheme of 
compulsory unit operation. It is so clear that the just interests of all 
concerned would be conserved by the application of such a plan, and their 
ultimate profits increased thereby, that it seems reasonably certain that 
courts will sustain the application of the principle in proper cases, 
especially in view of the great stake which the public has in the matter. 

(Interpolation No. 5) The court in its opinion cites a large number of 
cases, quotes Littleton and from some early English cases. The opinion 
refers to such somewhat analogous situations as those of tenants upon the 
land, water rights which may be the subject of petition in equity, cargoes 
on ships and control and repair and management and chartering of ships 
themselves. Anyone familiar with common law can add many other 
examples. The principle, as I have said, was at least as old as Coke and 
back of him Littleton, and is the basis of the numerous mill acts in 
New England. 

(Continuation of paper) The report of the committee of nine, 
already referred to, failed to make any recommendation of importance in 
regard to the possible exercise of Federal control. It was then, and it is 
now, my belief that the possibilities of Federal supervision have scarcely 
been explored, and that existing conditions and tendencies demand 
Federal action in the matter. We have had unpleasant but convincing 
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evidence of the inability or unwillingness of the states to act cooperatively 
in the matter. The conflicts which have ensued have nullified the quota 
systems and have deprived unit operation, where it has been voluntarily 
put into effect, of much of the beneficial influence which it otherwise would 
have had. Moreover the exclusive control given to Congress of all inter- 
state commerce requiring uniformity of treatment, and the presence of the 
Sherman anti-trust law on our statute books, make participation by 
the Federal Government essential if the best results are to be obtained. 

(Interpolation No. 6) And it seems to me that however imperfect 
it may be in detail and however badly it may be now administered, the 
utilization, which that Act undertakes to accomplish, of the help of the 
trades and occupations and so on, affected industries, is a wise one. 
Weat least, in my opinion, have seen the Sherman anti-trust law where it 
was no doubt of some good in putting .a stop upon development of the 
trust and merger fever so strong in the nineties, and not dead yet by a 
good deal. We have seen that scheme fail because it is abundantly 
clear that the legislature itself, with the fortuitous recourse to the courts 
which litigants determine upon, is not an adequate system for dealing 
with a continuing function which is all the time requiring consideration 
of the specific facts in specific situations. Therefore, the utilization of the 
industries themselves to undertake part of that work, it seems to me, is 
highly to be commended. : 

(Continuation of paper) Several provisions in the United States 
Constitution might be resorted to for the sources of power which may be 
exercised to secure an adequate and comprehensive regulation of the oil 
industry. Interstate pipe lines offer an obvious mechanism to which 
federal power may be directed effectively to secure desirable results. To 
such suggestions it has, of course, been objected that the pumping and 
refining of oil do not constitute commerce, and that they are functions 
exclusively subject to state control. There are some early decisions which 
support this view, for example, those in the case of U.S. v. Knight, 
156 U.S., and Hammer v. Dagenhard, 247 U.S. 251. Both cases have been 
subjected to just criticism and not much remains of the Knight case. 
In any event neither case should be held controlling in the proposal for the 
unit operation. 

On the other hand, there are numerous recent cases holding in effect 
that, so far as it may be necessary to make congressional control of inter- 
state commerce effective, Congress does possess the power to make proper 
and reasonable regulations in regard to property, commerce, accounting 
and related undertakings and functions. I need refer only to the Shreve- 
port Rate Cases, 234 U.S. 342, McDermott v. Wisconsin, 228 U.S. 115, to 
indicate the line of reasoning adopted by the Supreme Court. 

(Interpolation No. 7) I should like to say just a word about the case 
of U.S. v. Knight, which has emphasized the distinction between produc- 
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tion and commerce, and which I think has made it very difficult for us to 
make advances in intelligent regulation of merged functions. I have 
always thought that the background of the sugar-refining industry, the 
facts were not presented to the Court on that occasion and that had they 
been presented it would have been seen that under the conditions then 
existing the refining of sugar and commerce in sugar were so integrated 
and so almost merged—well, I would rather term it not merged—were 
so integrated that it wasiimpossible to regulate the commerce part without 
touching upon so-called production in the refining of sugar. I feel that 
though the Court has never overruled in terms of that case, it has not 
been guided by it in several recent decisions, but.on the contrary has 
rather disregarded some of the broad statements that the opin- 
ion contained. 

(Continuation of paper) The truth is that today manufacture and 
other forms of production are so inseparably connected with, if not 
merged into, the whole commercial process that they cannot be 
realistically separated. It is easy to say that pumping oil or refining 
sugar are not in themselves commerce, but contemporary methods of 
doing business have, as a matter of fact, integrated these processes in a 
large proportion of the business of the country. The view of the matter 
thus briefly sketched is that taken by the N.I.R.A. and codes thereunder. 
Without meaning in any degree to prophesy that the courts will hold 
constitutional the N.I.R.A. plan in its entirety, it is nevertheless sub- 
mitted that that feature of it which undertakes regulation, for control 
purposes, of the processes which do actually enter into and effect inter- 
state commerce, is sound and finds adequate support in existing decisions 
of the courts. The spirit of the times is against artificial or fanciful 
interpretations or classifications. We are looking at life functionally, 
and are properly insisting upon realistic, as opposed to bad, metaphysical 
distinctions and catagories. 

The war powers of the President and panics undoubtedly may be 
exercised to conserve oil and gas, so important not only for the supporting 
industries of the country, but for the prosecution of war upon land, sea 
and air, but until this supply of oil is more definitely and demonstrably 
near to exhaustion, there would be little hope of Congress legislating in 
this regard to provide for future contingencies. Theoretically, this power 
is capable of great extension in the direction of conservation of national 
resources, but practically there would be little hope of obtaining impor- 
tant action at the present time. 

The taxing power offers almost limitless possibilities. Thus the 
Supreme Court has sustained an alleged revenue act, the effect of which | 
was to destroy an industry and thus to destroy revenue. These effects 
were anticipated and in truth desired. Nevertheless, the court sustained 
the statute, McCray v. U.S., 195 U.S. 27. A more important case is that 
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of Veazsie Bank v. Fenno, 81 Wall, 533. Bailey v. Drexel Furniture Co., 
259 U.S. 20, involved an effort by Congress to tax child labor out of 
existence. The stature was foredoomed to failure by reason of 
clumsy draftsmanship. 

(Interpolation No. 8) In Bailey v. Drexel Furniture dadepiaip the 
second child labor case based on the tax clause, the statute was held 
invalid, but I have always thought that that .was foredoomed to failure 
by reason of clumsy draftsmanship as the bill was finally passed. 

(Continuation of paper) Finally, the treaty-making power offers 
great possibilities. Article VI, Clause 2, of the Constitution provides 
that “this constitution and the laws of the United States which shall be 
made in pursuance thereof, and all treaties made, or which shall be made 
under the authority of the United States, shall be the supreme law of the 
land.”’ . Acting under authority of this clause, Congress enacted a 
measure for the protection of wild birds throughout the United States 
in order to make effective the provisions of the treaty which had been 
negotiated with Canada for that purpose. It had been held previously 
in two cases in the lower federal courts that Congress had no power, in 
the absence of treaty undertakings, to legislate with regard to the preser- 
vation of wild game. Whether those decisions were correct or not, the 
Supreme Court in Missouri v. Holland, 252 U.S. 416, held that the con- 
gressional act just referred to, passed in pursuance of treaty provisions, 
was valid. While the fact situations are not quite parallel, the method 
adopted in the bird-conservation measure is certainly applicable to the 
oil situation. True, wild birds are not private property and oil is, but 
oil is a peculiar kind of private property with some very troublesome 
characteristics, and such plans as unit operation are designed to, and 
would tend to, make more secure just private claims to oil in the earth. 
The effect of unit operation unquestionably would be to secure to each 
private owner a greater ultimate profit from the operation of his wells than 
would be possible under the unregulated productive processes of the past. 

The events of the last few years, and the advent of the “New Deal,” 
have led to the realization by most thoughtful men that, without what is 
called revolution, we are passing into a new era of our national life. 
Those events have demonstrated that modern life with its application of 
scientific knowledge to almost everything we do, the increase in popu- 
lation, the speeding up of transportation and communication, and the 
intricacies of modern productive and distributive processes, have made 
impossible, for the present at least, the successful operation of a dis- 
tinctively laissez faire policy. The integration of our still rapidly 
_ increasing range of activities makes it impossible to successfully assert 
old and outworn concepts of absolute individual rights, in property or 
occupation. To make the best use of our resources for each and all, 
cooperation is necessary, and if it cannot be achieved by voluntary action 
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the Government, in the interest of all of us, must intervene. There is 
nothing in the Constitution as I read it that prevents proper and reason- ; 
able regulation of the kinds here suggested. There are many who think 
otherwise, but most of those, it is believed, have accepted without 
question unnecessary and sometimes narrow interpretations placed upon 
constitutional provisions, such as the due process and commerce clauses, 
interpretations due to the peculiar beginning perhaps in the 1870’s and 
continuing for four or five decades. Due process is not a rule of law in 
any proper sense. It is a broad and fundamental standard for govern- 
mental action and was never designed to prevent a people’s government 
from taking reasonable steps to secure justice among individuals and to 
conserve the public welfare. Important national interests require that 
no narrow or distorted interpretations of broad constitutional provisions 
be interposed to defeat just and scientific measures which may be adopted 
to lift the oil industry from its present unhappy plight—a plight unjust 
and ruinous to honest producers and destructive of important pub- 
lic interests. 


Some Constitutional Aspects of the Oil Problem 
By Roscoz Pounp, Dean or Harvarp Law ScHoon 


Mr. Chairman and Gentlemen: I think I shall do best perhaps if I 
adopt the method which the colored clergyman stated he was to adopt 
when he said he would address his congregation somewhat promiscuously 
and then introduce edificationary remarks of a strictly extemporaneous 
character. 

Questions, as I understood it, were put to Dean Bates and myself by 
Mr. Oliver in the very interesting statement that I listened to in the room 
above, with reference to the program which you are working out to meet 
the exigencies of this very difficult problem. We were asked whether a 
given program was mechanically possible, whether it was economically 
advisable, whether it was politically wise, and whether it was legally sound. 

My revered preceptor in the law used to say, when questions were 
put to him, as to some questions which were covered by very clear and 
indubitable provisions of the statutes or were covered by a long and 
settled course of judicial decision in the highest court of the state, that 
he would give advice with professional profundity ; but as to other 
questions that did not come within the clear purview of the statutes, or 
with respect to which the statutes were, as they often are, delightfully 
ambiguous, or with respect to which there had been_no clear and settled 
course of decision, that he could do nothing more than make some 
suggestions with individual imbecility. 

As to what is mechanically possible, as to what is from an economic 
standpoint advisable, as to what is politically wise, I can only speak 
with individual imbecility, and I do not know that my imbecility extends 
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to such questions even. But I can speak with a certain amount of 
professional profundity with reference to what is legally sound. And 
it is to that part that I am going to address myself. 

In the admirable statement that Dean Bates has made to us, he has 
pointed out that we have three difficulties from a legal standpoint to 
contend with in any such program as that with which you are concerned. 
We have to wrestle with the distribution of powers, both in nation and 
in state, among legislative, executive and judicial departments. We 
have to reckon with the distribution of (the powers of government as 
between nation and state. Then, perhaps, in a way, most of all we have 
to wrestle with a requirement of reasonableness. Dean Bates has traced 
it back to Egypt. I have to speak, when you go back of Magna Charta, 
with individual imbecility. But I can say with professional profundity 
that from the time of Magna Charta, Englishmen, and in the modern 
world, the English-speaking world, have expected that the operations 
of government should conform to the exigencies of reason. 

I do not know that any better statement of it was ever made than the 
one Lord Coke addressed to James I in a famous conference, attributed 
perhaps to Bracton, a great judge of the Thirteenth Century, that the 
king does not rule under any man, but under God and the law. 

The idea is that the operations of government are to be carried on in a 
reasonable way—and that is what, fundamentally, all these requirements 
of distribution of powers and of due process of law come to; they are 
attempts to formulate a requirement, that what is done in the ordering 
of society by Jaw shall be done in accordance with reason. 

Let us look at each of these things a little more closely. I am going 
to deal in generalities because the specific part has been admirably and 
thoroughly dealt with by Dean Bates, and really there is no more that 
could be said about them. Let us look at the generalities a minute, 
because, after all, the letter killeth and the spirit giveth life, and it is 
the spirit in respect to which these things are applied and administered 
that counts in the long run and is going to count in these matters with 
which you are here concerned; especially in this distribution of powers 
between legislative, executive and judicial. So in my judgment, you 
are very much concerned in this problem because by and large you must 
look to administration to effect the purposes which you chiefly are likely 
to have in view. 

In the theory of our polity, we have three coordinate, coequal powers. 
I do not know whether it ever occurred to you, but the truth is our polity 
is that of Seventeenth Century England. The Revolution of 1688 did not 
leave any mark upon our polity, because by 1700 our Colonial Legisla- 
tures had come into a consciousness of their powers and our ideals had 
become fixed as those of Seventeenth Century England. So that an 
American executive is, in reality, a Tudor or a Stuart king, and an 
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American president or governor rules with Congress or the Legislature, 
if he can, and in spite of them if he must. 

As in Seventeenth Century England, king and parliament and court 
went their several ways, sometimes pulling apart, sometimes working 
together in all sorts of temporary and shifting combinations, so in our 
American polity, executive and legislative and courts sometimes pull 
apart in three different directions and like as not sometimes work together 
in temporary and shifting combinations. The problem then is unques- 
tionably either to bring about a spirit of cooperation between these 
departments or to come to the centralization that is going on in Europe, 
because the somewhat differently organized departments of government 
there are not working together toward ends that require cooperative 
effort. But that is the realm of politics and I am not speaking about 
politics with professional profundity. 

The interesting thing to me, however, is that while we have here in 
theory these three coordinate, coequal, independent departments, in the 
actualities of our public law sometimes one and sometimes the other has 
actually maintained a leadership. ; 

In the earlier history of our institutions, unquestionably the leadership 
was in the legislature. ‘The members of the legislature were the repre- _ 
sentatives of the people and they took that proposition literally. Legis- 
latures in the earlier period of our polity did not hesitate to call the 
executive or the judiciary to account for their actions. The Stuart 
kings called the judges before them to account for their decisions. There 
was a time in our polity when state legislatures, if someone had been 
defeated in an action, would entertain a bill to grant the defeated litigant 
a new trial and would actually pass it. There was a time in one legisla- 
ture at least in this country when, if someone applied to a judge to post- 
pone his case and the judge would not postpone it, he could go to the 
legislature and get a bill postponing it to the next term of court. There 
was a time when Congress, as you remember, in the Tenure of Office Act 
that led to the impeachment of Andrew Johnson, undertook to tell the 
President about the composition of his Cabinet. The legislative branch 
of the government conceived that in a peculiar degree it represented the 
people, that it had a mandate from the sovereign people and spoke with 
the voice of the people. I suppose the last echoes of that legislative 
supremacy were heard in the speeches and opinions of the senators in 
the impeachment of Andrew Johnson. 

There came a time after the Civil War when the leadership de facto, 
because there was not any leadership de jure, passed to the judiciary. 
If the legislature said it had a mandate from the people at the last election, 
the judges said they had a mandate from the Constitution. They spoke 
by the authority of that solemn act of the people in adopting a constitu- 
tion and they spoke with the voice of that constitution. 
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What I think was immediately behind this judicial leadership in the 
period after the Civil War was the Fourteenth Amendment, which 
subjected state legislation to a test of reasonableness judicially applied. 

In our polity, the great bulk of questions that have to do with rela- 
tions of man with man in this country are within the purview of state 
legislation. When congressional legislation, under the Fifth Amendment, 
was subject to judicial scrutiny as to its reasonableness and state legis- 
lation, under the Fourteenth Amendment, was subjected to the scrutiny 
of the Federal judiciary as to its reasonableness, it followed for a time, 
since the judiciary had always in the English-speaking world had a power 
of scrutinizing the acts of the executive with respect to their legality, that 
everything that took place in government was potentially subject to a 
judicial scrutiny as to its reasonableness. 

In the present century, it is pretty evident that another shift is taking 
place. It is quite as evident that today de facto leadership is in the 
executive and it is not hard to see why. One of the great problems in 
the crowded world of today is individualization of application; to have 
precepts, rules, standards, applied with reference to the circumstances of 
individual cases which vary infinitely in the complex life of today. That 
individualization is something to which legislative and judicial action 
are ill adapted. 

But, again, it is important in the world of today, with the economic 
unification of the country, with the changes in transportation, the changes 
in transmission of intelligence, the necessity of getting things done 
speedily, to have the operations of government go on speedily. 
Mr. Dooley says that a well regulated judge cannot think outside of a 
hammock and no one ever accused the judiciary of getting things done in a 
hurry. But the legislature from the very nature of legislative assemblies, 
cannot do that, either. The necessities of getting things done speedily 
as well as the necessities of individualization have made for a shift of the 
center of gravity in our institutions to the executive. 

But one thing more—the conditions of modern business, the condi- 
tions of modern enterprise, the conditions of industry, require guidance 
during action. Well, now, the method of a legislature is to prescribe a 
path of action in advance. The judicial method is to scrutinize action 
after the event with reference to its conformity to certain established 
kinds. Neither the legislative nor the judiciary can furnish that indi- 
vidualized guidance that the economic organization of the country 
today demands. 

Perhaps you could put it this way: I have always thought that the 
method of the legislature is the method that is employed when we draw a 
white line down the middle of the highway so a man can see whether or 
not he is in the prescribed path on his side of the road. The method of 
the judiciary is, after a man has gone across a crossing in a way he ought 
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not to have done, and somebody has been injured, to tell him after the 
event how he ought to have done it, if he is alive to be told. 

The administrative method is to have a man right there at the corner, 
signaling perhaps with both hands and his head in three different direc- 
tions, stopping men here and urging them on there, and adapting the use 
of that crossing to the needs of the moment and the situation of traffic 
at the moment. 

Now we can see why it is that all over the world, because that phe- 
nomenon is not confined to this country, there is a turn to the executive, 
where a generation ago in this country we looked to the judiciary, and 
before the Civil War we looked to the legislative. 

The bearing of all this upon the question before us seems to me to lie 
in recognizing that very largely these problems, so far as effective remedies 
are concerned,- have to do with effective administration and the question 
of how far that effective administration is legally possible under our 
polity, how far is it perhaps from an economic standpoint advisable, from 
a political standpoint wise. 

It is legally possible, there cannot be any doubt, in view of the 
repeated tryings out of every phase of this matter which go on with every 
generation, not only in the United States, but in England, and, indeed, 
in every part of the English-speaking world. 

Then, we come to the next matter, the matter of which Dean Bates 
spoke so admirably, the apportionment of power between state and 
nation. A great scholar in law and in politics, a continental scholar, has 
said that a prime characteristic of the races of northern Europe (and it is 
from those peoples, of course, that we took our political institutions) is 
what he called kleinstadtismus—smalltownism, but I would like to say 


Main Streetism. I say that with some assurance. I was born and 


brought up in a small town, a town through which Main Street ran in 
two directions—east and west, and north and south. I think I know 
something about Main Street because I was brought up at the corner of 
Main Street and Main Street. 

That has been a fundamental mode of thought in our political and 
legal polity, a thinking in terms of the small economically self-sufficient 
local neighborhood. Of course, cooperation is something in which these 
neighborhoods were not interested. We have a beautiful example in 
New England, which is still very largely organized in a town system, in 
the town where I lived for a long time. I lived within about a quarter 
of a mile of the town line. Right over the line, in the adjoining town, 
was a fire station. In the town in which I lived, the fire station was a 
mile and a half down the road. When a barn burned within about fifty 
feet of the town line, but on my side of the line, the firemen in the adjoin- 
ing town sat with their arms folded in easy chairs in front of the fire 
station and watched the proceedings while the fire apparatus came 
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from a mile and a half down the road to put out the fire in their 
own town. : 

That is the kind of thing that has gone on from the beginning in our 
polity and it is significant for your purposes that it is that spirit, rather 
than anything that is in the Constitution, that we have got to get rid of. 
The Constitution does not in any wise fortify Main Streetism. But 
Main Streetism has furnished the picture that has been the background 
of application of more than one provision of the Constitution. And it 
is getting rid of that picture of the wholly self-sufficient community, 
the economically self-sufficient neighborhood, that really is at the root 
of the problems that you are dealing with. 

That brings me then to the next matter, the matter of reasonableness. 
Under the Fifth and the Fourteenth Amendments and under provisions 
of state constitutions of like tenor in one way or another, things get down 
to a question of what is reasonable. The law is eternally telling us that 
things must be reasonable. But it does not tell us what is reasonable, 
and very largely it cannot. As Dean Bates admirably put it, we must 
deal there with a standard and not with a rule. What is reasonable 
under the circumstances in particular cases we have perforce to leave 
to the judges. We can put certain limits to the standard but within 
those limits what is reasonable has to be determined at the crisis of 
decision by the particular court that has the question before it. How 
does it decide what is reasonable? It does so, as I see it, with reference 
to certain established, certain received, certain authoritative ideals. 
What is an ideal? 

I remember some years ago I was called on to deliver a commencement 
address at a university in one of the large cities of the land. It was hot 
weather and I was very much crowded. I did not have time to write 
the address, as I should have liked, but I chartered the stenographer at 
the hotel and began to dictate some notes to clarify my ideas, and among 
other things, I kept talking about idea and ideal. Presently the 
stenographer passed a handkerchief across a perspiring brow and looked 
up and said, ‘Dean Pound, gee, you do use highbrow words.” 

Let us not use that highbrow word “ideal.” Ideal is from a Greek 
word that means picture, and picture gives us the notion exactly. Judges 
and lawyers have in their minds certain traditional, certain received, 
certain authoritative pictures of what they are doing and why they are 
doing it, pictures of what the legal order is for, pictures of what an 
American political society should be; and with reference to that picture, 
they determine what is reasonable. 

So our trouble really is not with the Constitution, our trouble is with 
the picture that forms the background of application of the Constitution; 
and that picture in the past has been the picture of a society of 
economically independent, self-sufficient local neighborhoods, whereas 
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I undertake to say to you that we are one economically unified land; that 
the independent economically self-sufficient neighborhood is a thing 
not merely of the past, but of the long ago past; and, on the other hand, a 
picture of a society made up of economically self-sufficient individuals 
engaged in free competitive acquisition, each one carving out his own 
place for himself is a rural pioneer agricultural society. 

The one picture is not any more true than the other. How many 
men in this great City of New York are engaged in free competitive 
acquisitive self-assertion, and how many are employees of great organiza- 
tions engaged in cooperative enterprises? You have got to go a long 
way in this country to find the type of man who is pictured as the norm 
or the standard in that authoritative, in that received ideal which has 
been the background of application of the standard of reasonableness. 

Of course, there we run into two words that have been very much 
abused, and I think we need to get rid of as soon as we can, twoepithets— 
individualism and socialism. Those words do not mean anything any 
more. If we like a thing, we call it one, and if we do not like it, we call 
it the other. The most beautiful example of that, I think, was given 
- gome years ago in Henry Ford’s explanation of what ailed the American 
farmer. I had supposed that the American farmer was the old guard of 
old-line American individualism. But Henry Ford explains that that 
idea is all wrong, that the trouble with the farmer, the reason why he is 
not getting anywhere in the American economic scheme, is that he is not 
an individualist. And as near as I can make out, the chain of reasoning 
is this, and it is very significant: Individualism is good, therefore what is 
good is individualism. 

The methods whereby I have been able to make a billion dollars are 
good, therefore they are individualism. The methods of the American 
farmer will never make a billion dollars or any number of dollars for 
himself or anyone else, therefore they are not good. Therefore, they are 
not individualism. Q.E.D. 

Of course, when words get to that point, it is time to give them up. 
It is not merely a matter of words. One of the vices, as I see it, of our 
thinking in the past has been that we have conceived that we have always 
got a choice of one thing or another thing, that there is no alternative, 
either this or that; we have got, irrevocably, for every purpose to go this 
way or inevitably and for every purpose to go that way. 

I think we must learn, and it applies very immediately to your 
problems, that we are not driven to any choice of valuing everything in 
terms of individual, free, competitive self-assertion, individual, spontane- 
ous initiative on the one hand, or on the other hand in terms of collective 
activity and community values. If there is any measure of value from 
an earthly standpoint, I suspect that it is civilization, the raising of 
human powers to their highest possible unfolding, that maximum of 
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human control over external nature and over internal nature that has 
made it possible for man to inherit the earth and to increase and maintain 
that inheritance. 

There, I think, is the picture, a picture that includes both individual, 
spontaneous initiative and cooperation and collective action and com- 
munity of action. I suspect it is some such picture as that that is going 
to deliver the interpretation of the Constitution from the difficulties 
that Dean Bates pointed out so admirably, that is going to deliver you 
in the problems with which you are concerned from the difficulties that 
superficially stand in the way. 

In everything that men do, let us remember we are governed by these 
pictures, by these ideals. I always like to think of Dickens’ account of 
Mr. Podsnap in this connection. You remember Mr. Podsnap. He 
had done exceedingly well in the insurance business and he was very 
prosperous. His picture of life was getting up at eight, shaving at quarter 
past, breakfast at nine, going to the city at ten, returning at five, and 
dining at seven. Anything that fitted into that plan was right. If he 
had been a judge, it would have been reasonable. Anything that did 
not fit into that plan was wrong. Mr. Podsnap waved it behind him 
with a magnificent backward sweep of his arm and it perished from the 
earth. His answer to any difficult problem was very conclusive: “not 
- English.” 

You see American judges in the last century telling us this thing or 
that was not compatible with the ideal of a free government, or was out of 
line with the axioms of free American institutions. That was a simply 
more beautiful way of putting Mr. Podsnap’s proposition. They did not 
fit into the judicial picture of life. 

I say to you, therefore, that it is these pictures that we must deal 
with; and the truth is, we have been dealing with them. The progress 
has been very considerable, a very great deal has gone on within a 
generation under the circumstances. 

I am going to suggest to you just a few instances of what has gone 
on in a little more than a generation, certainly within fifty years, which 
certainly can give hope to anyone who is confronted with practical 
problems of the sort we are considering. 

In the last century, one of the things upon which we laid stress 
particularly was freedom of contract. The courts told us that it was 
both a property right and involved liberty, that property involved free 
making of contracts and enforcement of them when they were made, 
and liberty involved the same thing. Well, think of the restriction of 
freedom of contract that has gone on in the last fifty years, for instance, 
standard policies of insurance. An insurance company cannot make 
any kind of a contract it wants. Standard policies. are prescribed. It 
cannot make anything a warranty, for instance, that it wants to. Stat- 
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utes and judicial decisions have taken away freedom of contract in 
that respect. 

Or take the relation of employer and employee. The old matter 
of employer’s liability is no longer a matter of contract; it is fixed by 
statute. Or, again, a corporation cannot, in many of our jurisdictions — 
at least, pay its employees in orders on the company store. It has to 
pay wages in cash. I can go on—public service companies cannot make 
such contracts as they please. They can make such contracts as are 
pronounced by an administrative commission to be reasonable. 

Or, again, the books in the nineteenth century told us that one 
of the necessary incidents of property, involved in the very ideal of 
property, was a free power of disposition of the property by the owner. 
Well, now that power of disposition has been limited in all sorts of ways. 
In a great many of our states if a man who owns property marries and 

‘he and his wife settle on the property as a family home, he cannot 
convey his own property without his wife joining in the conveyance. 
In one state, if a husband, by his own labor and the money he has earned, 
bought furniture, and he has it in his house and he marries, he cannot 
put a chattel mortgage on his own furniture acquired by his own exertions 
without his wife joining in that chattel mortgage. In another state, if 
a man has earned wages, if wages are something which he has earned 
with the sweat of his own brow, he cannot assign those wages unless 
his wife joins in the assigning, and so on. The books are full of cases 
where this power of disposing of one’s property today is restricted. 

But take something that touches you very immediately. Not so 
long ago we were told that the very idea of property involves a complete 
liberty of use and even abuse of that property. I was a student in law 
school in the year 1889, and I studied under a great property lawyer, 
who undoubtedly gave us very accurately the views that obtained at 
that time. It was his notion that if you and I had owned adjoining 
tracts of land, adjoining town lots, and you and I got into difficulty 
about something or other and I wanted to explain to you in a visible 
and tangible form what I thought of you, I could build a fence, if I kept 
it on my side of the line, nine feet high down that line and paint it all 
the colors of the rainbow and every kind of grotesque design on your 

~ side, and so long as I kept it on my side, you had nothing to say about 
it. Or I remember well he argued to us that if you had a well and you 
were downhill from me and the flow of water was in the direction toward 
your well, and for the mere pleasure of spiting you, I dug a well above 
yours so that the water did not come down to your well any longer, and 
I had no use for the water, but just ran it off and wasted it, that was 
my affair; I was operating on my land, and I had complete liberty to use 
or abuse that land as I chose. 


~ 
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Well, that doctrine is as dead as anything can be. A long time ago, 
relatively, as things are now, it was getting to be established; it is now 
established that a man has to make reasonable use of his land in those 
particulars and that something, which, without serving any beneficial 
interest of his, is an injury to his neighbor, and done with that in view, 
simply is not tolerated by the law today. 

I remember when I came to the Bar, I had a case of this sort. ‘Two 
neighbors had adjoining farms out on the prairie, and there ran down 
diagonally through these two farms what we called a “draw” on the 
prairie. Many: of you are familiar with it—dry except when a heavy 
rain falls, then a great deal of water comes down. It came down in a 
sort of funnel, down to a creek, and the lower owner built a dam at the 
mouth of the draw, right where it went into the creek, and he built it 
carefully, of such a height that in case of rain, the water flowed back 
and made a pond for him to water his stock, but it did not flow back on 
his neighbor’s land. 

Well, he and his neighbor had a serious difference of opinion about 
the interpretation of the text of the book of Revelation, and that differ- 
ence of opinion became so heated that the upper neighbor built a dam 
just inside the line across that same draw, so that water could not come 
down to the neighbor below any longer. As he had no use for the water, 
he dug a ditch that conveyed the water down into the creek. 

That sort of thing was allowed by our courts in 1890, but I suppose 
it is not allowed anywhere to speak of today. We have come to feel 
that men have a liberty to make a beneficial use of their property, but 
that the use of this sort is anti-social; it does not make for civilization; it 
is not reasonable. 

Another case that is very common today is restriction of the right 
of creditors to obtain a full satisfaction. A great French writer on these 
subjects said that by the nineteenth century law as it was in France 
a creditor could sell the property of his debtor, even to his shirt and 
trousers, to obtain the satisfaction of a judgment. But see what has 
been going on. ‘There are not only homestead exemptions and exemp- 
tions of personalty, in England and some states of the United States 
there are provisions for judgments requiring payment in installments 
so that the debtor can make the payments with some regard for his 
maintenance, for his living and human life. There is a general tendency 
to hold that the creditor must take some part of the risk; that the risk 
is not entirely upon the debtor. 

Another thing that touches very closely on what you are interested 
in. There has been a steady tendency to turn what we used to call 
res communes and things we called res nullius, into res publict. I suppose 
you all say, “Those are high-brow words.” Here is what we mean: 
Certain things, it was said, were owned by no one, but they were subject 
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to use by those who were in a position to use them, and certain other 
things, like wild game, were owned by no one but someone could take 
possession of them, reduce them to occupation and they became his. 

Now more and more we have been getting provisions, in state consti- 
tutions, for instance, that these things, as it is said, are owned by the 
state in trust for the people. All that that very misleading phrase 
means is that there was a desire to make a legal basis for an administrative 
adjustment of the use of these things which would provide for the con- 
servation of the natural resources of society and the maximum beneficial 
use of them consistent with that conservation. 

Of course, in pioneer polity of our formative era, nobody cared any- 
thing about conservation. Ifa man did not find enough natural resources 
at his back door, all he had to do was to walk into the wilderness, and 
there they were. For a season, energy in appropriating, in utilizing 
these resources seemed to be the highest social and economic good. But 
these provisions I am speaking of, and many other things that I might 
bring to your attention, are in the direction of a continued, increasing 
recognition of a social interest in the conservation of social resources, a 
consciousness that that is reasonable also, quite as reasonable, and has 
to be reconciled with the free, spontaneous initiative to which alone we 
looked in the formative era. 

There are other tendencies I might speak of, but I will speak of just 
one more. That is a tendency to give over the authoritative received 
picture of free competitive acquisitive activity as legally the highest 
good; a tendency to give over the common law version of monopoly, 
the common law idea that everything ought to be open to a free scramble 
of everybody, to recognize that there is waste and friction in that old 
picture appropriate to a rural pioneer agricultural society, but not 
appropriate to the economically unified land, the urban and industrial 
polity of today. 

Perhaps I have said enough to show that the trouble very largely 
lies in these pictures and that the courts are conscious of it. I have given 
you examples and I could give you many more, but I want to make 
just one more point and that is that there has been an increasing tendency 
to look upon what is reasonable concretely rather than abstractly. 

One of the great difficulties, as I see.it, with our nineteenth century 
legal reasoning was that it was too much in the abstract. What was 
reasonable was what was abstractly reasonable. Reason is something 
that always has to be measured by the situation of the time and place, 
and you can see abundant example of a great change that is taking place 
in the judicial attitude in that respect. For example, after the Civil 
War, the Southern States were in a bad plight economically. A great 
part of their wealth was completely destroyed by the Thirteenth Amend- 
ment. Men who had been in affluence when they entered into contracts 
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and assumed obligations when they had plenty of property, found 
themselves with no property and a great burden of indebtedness. 
So the Southern States adopted certain homestead exemption laws to 
relieve the pressure upon these debtors, to enable them to preserve 
something, to guarantee to them a minimum of human life. But, no, the 
Supreme Court of the United States said that would not do. In the 
Virginia homestead cases, the actual, the concrete situation was admi- 
rably presented, but the court would not look at anything but the abstract 
impairment of the abstract obligation, of abstract contracts. See the 
difference in the present century! 

So far as I know, Dean Bates knows much better than I, the first 
case in which the court consciously looked at what was reasonable in the 
concrete was the decision on the Adamson law in 1916, when the court 
looked at the actual, the concrete, the de facto situation in American 
railway transportation at that time in determining what was reasonable. 
Then came the New York housing law and the District of Columbia rent 
cases, where again the court looked at the concrete situation in housing 
in our American cities after the war—in the most remarkable contrast 
to the homestead cases, of which I spoke a moment ago. 

Then you are all familiar with the Minnesota moratorium case, in 
which the other day the Supreme Court of the United States again said, 
and indeed it: read into the obligation of contracts, a power of the state 
to determine what was reasonable with respect to those contracts and that 
in an emergency things might be reasonable concretely, which in the 
abstract and in general would be unreasonable. 

I confess I am a little afraid sometimes of that emergency proposition. 
I always think of a statute in my native state: “Be it enacted that the 
goldenrod, Solidago serotina, shall be the state flower of Nebraska, and, 
whereas, an emergency exists, this act shall take effect from and after 
its passage.” 

But perhaps it is reasonableness to have an emergency with respect to a 
state flower. The governor might have a ball the day after tomorrow, at 
which it would be advisable that the state flower be in evidence. 

At any rate, that a concrete emergency may make things concretely 
reasonable is a perfectly reasonable proposition. So I think the sugges- 
tion I have to make to you is that when you are able to work out a pro- 
gram that is mechanically feasible, that is economically advisable, and 
which seems to your judgment, which is just as good as that of anyone, 
to be politically wise, you will not have very much trouble in the end in 
inducing the courts of today to find that it is legally sound. 

Chancellor Kent was very much alarmed at the Louisiana Purchase. 
That great judge saw that ours was a polity made for small economically 
independent local neighborhoods. He saw the Louisiana Purchase was 
likely to be the beginning of a great unified state, reaching from ocean to 
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ocean, and that was not the sort of thing that his fathers had built; it 
was not the sort of thing that existed at the time our constitutional polity 
was set up. He was very much afraid of it. He saw in it the wreck of 
our Constitution. 

We say today that Chancellor Kent was wrong. He was wrong in 
one sense: he was right in another. That was the beginning of the end 
of Main Streetism. If we say we are in a revolution, we are in a revolu- 
tion that began a long way back with the Louisiana Purchase and has gone 
right on to this day. But if it was the beginning of the end of small 
townism, it was not the beginning of the end, nor have we today come to 
the end of the Constitution—a great instrument of government, which 
through all economic changes, through all changes of the economic 
order and changes of social ideals, stands for the life measured by reason, 
stands for everything that makes for the reign of reason and of the 
will of God. 


Modifying the Capture Law 


By Earu Ourver,* Memper A.I.M.E. 
(New York Meeting, February, 1935) 


Dean Roscoe Pound, of Harvard Law School, in addressing the 
A.I.M.E. Petroleum Division on Feb. 22, 1934, said, ‘‘When you are 
able to work out a program that is mechanically feasible, that is economi- 
cally advisable, and which seems in your judgment, which is just as good 
as that of anyone, to be politically wise, you will not have very much 
trouble in the end in inducing the courts of today to find that it is 
legally sound.” 

The purpose of this paper is to show: first, legal conditions necessary 
to promote conservation and stabilization; and second, to suggest operat- 
ing procedure when those legal conditions are established. The proposal 
is mechanically feasible and economically advisable. A growing public 
understanding should make it politically wise. 

The disappointing progress in the development of conservation and 
stabilization can be attributed to the lack of two legal concepts as integral 
parts of oil and gas law; i.e., (1) a practical substitute for the capture 
rule, (2) collective ownership control for the individual oil and gas pool. 
When these two concepts are established on an equitable basis, conserva- 
tion and stabilization procedure will become a comparatively simple 
process, more or less automatic in its adaptation and operation. Estab- 
lishing these concepts is the function of the law-making agencies and 
might well be left to them for discussion except that the mechanical 
processes that give them form and substance must first be developed 
by the engineer. 


A SUBSTITUTE FOR THE CapTuRE RULE 


Much has been written on these subjects, but the most concrete 
statement that has come to the attention of this writer is the following 


from an article by Charles G. Haglund in the Kentucky Law Journal of 
May, 1934: 


The Oxford‘ case is not only authority for the proposition that it is competent 
for the legislature to modify the old property law of capture with respect to oil and 
gas but that it may also delegate such authority to a subordinate body. 


Manuscript received at the office of the Institute Jan. 29, 1935. 
* Chairman Stabilization Committee, A.I.M.E. Petroleum Division; Appraisal 
Engineer, Ponca City, Okla. 
1 Oxford Oil Co. v. Atlantic Oil and Producing Co. 16F (2d) 639. 
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* * * * 


An estate at common law extends vertically upwards and downwards. Hach 
landowner over the pool is equitably entitled to all the oil beneath his surface con- 
fined within those vertical planes as it exists in the pool in its original state and before 
any drainage has taken place. If that oil content can be determined * * * then all 
the surface owners over the pool can be treated as tenants in common of the contents 
of the pool in the proportion that the oil underneath his surface bears to the total 
contents of the pool. It will then be immaterial through which well the oil comes or 
on whose land the well is located. Each tenant in common of the pool will receive 
his proportional fraction of the oil that comes from the pool irrespective of where the 
wells are located. If that can be determined the pool can be developed as a unit 
along lines required to insure conservation and with justice to all the owners in the 
pool. That, however, presents an engineering problem which has not yet been fully 
solved * * * However, an approximate determination of the acreage content with 
adjustments as new knowledge is acquired by drilling would afford greater justice to 
all than the present system of competitive drillmg where those with facilities for 
handling production generally get far more than their share. Then the amount of oil 
that the pool would produce by conserving the gas pressure would be much greater 
than under competitive drilling where it is wasted. 

* * * * 

Certain legal principles which it is believed should be incorporated into the law 
of oil and gas have been worked out by lawyers and engineers, cooperating. The first 
principle clearly involves a determination of the acreage content before it can 
be administered. If this can be determined within reasonable bounds, not with 
mathematical accuracy, it should be sufficient. This determination, necessarily 
somewhat superficial at first, can be corrected and adjusted as development of the 
pool proceeds and new knowledge is acquired. Substantial justice to all is all that 
the law should require. Having achieved this, the law can declare the correlative 
rights of the various owners in the pool and make them tenants in common on the 
basis of such proportional determination of the contents of the pool. No consti- 
tutional objection to enforced unit operation on that basis can be perceived. All 
owners will then be required to share in the expense of development and in the pro- 
ceeds from the pool in proportion to their fractional interest in the pool as tenants in 
common. A compulsory development program must include a provision whereby 
owners in the pool, collectively, shall set up their own machinery for development 
and determine, collectively, the policies to be pursued in the pool. 


Dean Henry M. Bates, of Michigan Law School, expressed substan- 
tially the same idea in an address before the A.I.M.E. Petroleum Division 
on Feb. 22, 1934, during which he quoted for authority the Supreme 
Court of the United States in Head v. Mgg. Co., 1138 U.S. 9 (See page 202, 
this volume). 

‘w. P. Z. German, general counsel for the Skelly Oil Co., expressed 
the same idea in 1931 in the following words’: 


Many years ago it was stated by the courts that the Government has the power 
to prescribe regulations for the better and more economical management of property 
of persons whose properties adjoin, or which, for some other reasons, can be better 
managed or improved by some joint operation. This early announcement was 
quoted by the United States Supreme Court in Wurts v. Hoagland, 114 U.S. 606, 29 L. 
ed. 229. It was long ago held by courts, as is shown by quotations in the Wurts case, 


2 Trans. A.I.M.E. (1931) 92, 22. 
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that where there are adjoining lands held by various owners in severalty and which, by 
reason of the peculiar natural condition of the whole tract, cannot be improved or 
enjoyed by any of them without the concurrence of all, there is presented a condition 
where the power of the legislature may be exerted to establish regulations whereby 
all may be compelled to submit to proceedings whereby they may be improved or 
enjoyed, and to contribute, in proportion to the benefits enjoyed by each, to the 
expense of the steps taken to accomplish such improvement or enjoyment. — 


He enlarged upon this idea at considerable length and shows that it has 
been widely applied for centuries in many lines of activity. He said: 


This is a well-known legislative power recognized and treated by all the courts and 
writers upon law throughout the civilized world; a branch of legislative power exercised 
both before and since the Revolution and before and since the adoption of the present 
Constitution. 


Both Dean Bates and Mr. German show by an overwhelming array 
of citations and logic that the legal principles proposed by Mr. Haglund 
are in common application throughout the entire civilized world in many 
other lines of endeavor. The only reason that it has not also been 
applied to the oil industry in the United States arises out of the holdover 
impression from the pre-scientific days that oil and gas content can- 
not be determined with sufficient certainty to make that kind of a 
basis practicable. 

Of course it will be acknowledged by every honest engineer that the 
apportionment cannot be made with mathematical accuracy, but few 
things in life can be done on that basis. It is after all a case of rela- 
tivity—not as between mathematical accuracy and the nearness with 
which engineers can approach it, but rather as between the results under 
the capture rule and the results engineers can achieve under an attempted 
apportionment on the basis of relative recoverable acreage content. 
Given a virgin oil and gas reservoir, petroleum engineers could certainly 
devise methods of apportioning its contents that would measure up to the 
standard of reliability stated by Mr. Haglund. In fact, those who have 
made a study of reservoir conditions or engaged extensively in appraisal 
work know that can be done. Expressions by 17 nationally known 
American petroleum engineers on this point appear in the TRANSACTIONS’. 

It is obvious from the foregoing quotations that legalizing a practical 
substitute for the capture rule is entirely feasible. The exact detailed 
procedure by which it shall be made an integral part of oil and gas law 
is within the realm of the lawyer to plan. It will be an evolutionary 
process rather than the result of any one act. How much of it will result 
from court decisions, how much from state legislative enactments, and 
how much from some sort of Federal activity is dependent upon govern- 
mental policy. It is sufficient for the purpose of this paper to know that 
it can be accomplished within well established principles of law. 


3 Trans. A.I.M.E. (1932) 98, 31-37. 
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The capture rule has been aptly called legalized piracy. Its chief 
weakness is the inability of an owner to prosecute the man who damages 
him. Otherwise the owners of oil-producing lands would have been 
driven long ago to look for methods of oil extraction that would avoid 
that danger. If the owner of one piece of land in a common pool finds 
he cannot, under the method in use, take the oil out of his own land 
without danger of being prosecuted for also taking oil that belongs to his 
neighbor, he will be found willing to join in cooperative methods of 
extraction instead of capitalizing on the nuisance value of his individual 
holdings. Ability of an owner who is advantageously located to appro- 
priate from the common pool more than the content of his land without 
being punished therefore is a major influence in preventing voluntary 
unitization of oil pools. 


COLLECTIVE OWNERSHIP CONTROL 


The second requisite above mentioned—collective ownership control 
for the individual oil and gas pool—has been referred to at length in the 
previous quotations. However, something further might well be said 
on this subject. 3 

It is highly desirable that the new conception of oil production be so 
developed and applied as to retain to the owners of oil and gas properties 
the maximum degree of control-over their own property consistent with 
protecting the public interest and securing the necessary concerted 
action. We believe that can be accomplished effectively if we study the 
manner in which society through past centuries has brought about 
concerted action in other lines of human endeavor. There are innum- 
erable examples of this in which unity of action is attained without com- 
plete surrender of control of private property to governmental agencies 
to the extent that we daily observe in the oil industry under the existing 
proration systems. ; 

Any rationalization program for the industry must comprehend many 
activities, some of which are peculiarly the function of Government and 
some peculiarly the function of the owners of the properties. It is highly © 
desirable that these functions be kept distinct in our planning. 

Determining the market demand, standards of waste prevention and 
correlative rights seems to be a function of Government, whereas the 
operation of oil and gas pools within those determinations of market 
demand, waste and correlative rights standards as found by Government 
would seem to be a function of the owners of the properties in question, 
either individually or collectively as the case might be. 

Drainage districts, irrigation projects, and other lines of collective 
activity furnish both abundant legal precedent and examples of practical 
methods whereby the owners collectively manage their own projects 
through the assistance of machinery designed by the state. And there 
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appears every reason why the owners in an oil and gas pool, or prospective 
pool, should be authorized by the state to organize that single pool into 
an oil and gas conservation district and bring about under their own 
guidance the concerted action that is so necessary to efficient exploitation 
of the pool. The precise organization form it should take is immaterial 
except that it should provide machinery for collective self-government 
in which owners are the authorized voters, and in which adequate safe- 
guards dre set up for the protection of minority interests involved. 


UNITIZATION SHOULD BE OprioNAL WITH OWNERS 


The operating concept described by Mr. Haglund implies unit opera- 
tion of the individual oil pool under a single collective management and 
with total disregard of property lines except in calculating allocation of 
the reservoir content between the respective owners. Unit operation 
enables most efficient use of reservoir energy and is the ideal method of 
operating an oil and gas pool. However, the two legal concepts first 
described can also be applied in the development of pools that are not 
unitized. They can be applied through well spacing and other planned 
development processes, but neither efficiency of extraction nor accuracy 
of allocation would approach the ideal that could be attained under unit 
operation. Mechanical processes rather than engineering calculation 
of relative acreage content would thus be used to determine apportion- 
ment among owners. Nevertheless, since each pool has individual 
characteristics, the owners collectively in each pool by some prescribed 
majority should be permitted to determine the general policies under 
which the pool is to be operated, assuming they remain within con- 
servation and correlative rights standards that are compatible with 
public welfare. 


Steps IN UNITIZATION 


If the two foregoing concepts, namely, a practical substitute for the 
capture rule and collective ownership control for the individual oil and gas 
pools, become integral parts of oil and gas law, the steps involved in 
unitization become simple indeed. They are: (1) selection of areas to be 
unitized; (2) exploration procedure; (3) exploitation procedure. 

The exact procedure that should be taken in each of these steps is 
impossible to forecast in the absence of legislation on which they would be 
based, but if the concepts stated become law, literally enforced, the 
resulting pressure will drive oil-field practice into proper channels, pro- 
vided the change can be made so gradually as to give the industry time to 
adjust itself to the new concepts. Each successive step will appear clear 
as the problem unfolds. However, a few major principles that should 
dominate each step might well be considered here. 
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Oil pools already discovered and partly or fully drilled are like 
Humpty Dumpty of our nursery days. All the-king’s horses and all the 
king’s men can’t put them together again, nor does much reason exist 
why that should be attempted. The development was planned and 
costs were expended under the capture theory. Their energy and 
development losses have already occurred. They will gradually pass 
out of the picture through production decline and should be operated to 
exhaustion under the capture theory. With this exception the basic 
principles of ownership in place should supplant the capture rule at 
all points. 

Legal justification for making a distinction between present producing 
pools and those yet to be discovered is to be found in the fact that 
development expenditures in present known pools have been made on the 
capture theory, and rights have become vested on that basis to a degree 
to which they have not become vested in undiscovered pools. 

Assuming that the proposed change in oil and gas law relating to 
standard of participation has been established and that legal procedure 
to set up cooperative ownership control—as contrasted with indi- 
vidualistic development—has also been provided, every wildcat project 
undertaken will be planned on that theory and new pools as they are 
discovered will automatically come under it. The knowledge of each 
owner that he is entitled only to the recoverable content of his own land 
and is liable to prosecution if he appropriates his neighbor’s oil or gas will 
drive him to a cooperative type of development under which each owner 
will receive his rightful share. This is unit operation in some form. 
The most effective type will gradually evolve out of the many forms that 
will be tried. Suitable steps in that process would be as follows: 


Exploration Procedure 


A lease owner, or lease owners, desiring to drill would apply to the 
authorized governmental agency for the establishment of an oil and gas 
conservation district according to the form that had been prescribed by 
statute. This district should be made large enough to include the single 
reservoir that might be discovered. The qualified voters of the con- 
servation district (owners of property involved) would set up an executive 
management with such powers and duties as they deem wise to impose 
in it. That management would formulate an exploration program. 

Finances for the initial expenditure would be supplied in the same 
manner that they are now supplied—by the owners of the bloc that 
promotes the test, with the difference, however, that they should be 
reimbursed out of the reservoir content if any is discovered. Where 
and how the potential oil pool would be tested and developed is a problem 
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to be determined by the executive management appointed by the owners 
collectively. If oil or gas is found, a period of exploration, as contrasted 
with commercial exploitation, would ensue for the purpose of developing 
the necessary information on which to plan efficient extraction and 
determine apportionment between the respective owners on the basis of 
estimated recoverable acreage content. The character of data needed 
and the procedure for securing them have been described’. 

The interpretation of this information would be determined by some 
appropriate agency (for convenience called the allocation committee) 
organized by the owners collectively with the right of appeal therefrom 
by any aggrieved party. The exploration program would not only 
supply information on which percentage apportionments would be based, 
but by disclosing the limits of the pool it would automatically exclude 
from further participation in the management all whose lands lay outside 
these limits. It would also disclose reservoir conditions on which to plan 
most efficient extraction procedure. The cost of this exploration work 
should be made a lien upon the reservoir content, thus causing each 
owner to pay in proportion to the benefits received. If no reservoir is 
found, then, as under the capture rule, the cost would be a complete loss 
to those who financed the exploration project. 

In many pools sufficient oil and gas can be extracted during the 
exploration period after the discovery well is drilled to completely pay 
for the exploration drilling expenses. No allocation of the production 
among the respective owners need be made until the exploration work is 
completed. In most cases all of it that is produced during that period 
would be consumed in paying for exploration development. The royalty 
oil could be held in a royalty fund for distribution at the end of the 
exploration period when the allocation determinations can be made. 


Exploitation Procedure 


When sufficient exploration information has been made available, 
the allocation committee would estimate the relative percentage of the 
reservoir content that is derived from each respective tract and make 
distribution on that basis, both to royalty owner and lease owner. The 
royalty oil would be delivered free of cost. The working-interest oil 
would be delivered subject to its pro rata share of the cost of extraction. 

Of course there will be protests and suits over the allocations, but 
they will actually aid in the formulation of future unitization plans. 
The relative frequency of these disputes will depend upon the manner in 
which the allocation committee does its work. If it is handled so as to 
establish confidence in the fairness of the allocation committee, little 
trouble will arise; or at least it will not have much standing in court, for 


4 Trans. A.I.M.E. (1932) 98, 31. 
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the court will require only a showing that best available methods are 
being honestly applied. 

The reservoir content can be extracted through any well or wells best 
adapted to efficient utilization of the reservoir energy and then appor- 
tioned among the several owners in the proportion previously determined 
upon. Rates of extraction can be based on a schedule of crude require- 
ments supplied by the several owners to meet their manufacturing and 
sales demands. Within a proper margin of safety one owner may have 
his oil delivered to him currently during one period while another may 
delay his delivery until a later period, according to their several desires. 
Gas may be delivered from oil wells down the slope to owners of free gas 
area on top of the structure, or it may be purchased and returned to 
the reservoir. 

Delivery can be made in a multitude of ways that will harmonize 
more effectively with the individual needs of the several owners than 
present competitive methods of extraction allow. Titles to individual 
interests can be transferred more readily and with greater certainty of 
their actual value than under present methods. Oil can be sold to small 
refineries with greater freedom, and owners of small tracts can be more 
certain of getting their share of the oil than under present competi- 
tive methods. 

The trouble that has developed through sale of royalty interests will 
disappear and all royalty interest purchasers will be certain to receive 
their share of the oil, regardless of whether a well is or is not drilled on the 
small tract in which they purchased a royalty interest. This does not 
occur under present competitive development methods. 

If later development discloses that the original allocation schedule 
adopted at the end of the exploration period was not proper, later 
adjustments can be made as facts become disclosed. 


PRACTICABILITY OF UNITIZATION PROGRAM 


The foregoing program is based on the assumption that the two 
legal concepts described at the beginning of this paper can be installed 
as integral parts of oil and gas law. That change in the law cannot be 
secured until engineers convince legislative bodies and courts of law that 
the unitization procedure described herein is practicable and will benefit 
both the consuming public and the property owner. The most com- 
pelling proof would be examples of unitization projects that have been 
developed under the principles set forth. 

Apart from securing changes in oil and gas law, there is one other 
method by which a virgin oil pool could be discovered, unitized and 
operated in the manner described. That is through voluntary agree- 
ment. However, experience has shown that ability to secure 100 per cent 
approval of both lease owners and royalty owners to a unitization project 
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with its continuing relationships is so rare that general adoption of 
voluntary unitization under the capture rule is purely an idealistic theory. 
In every oil pool instances will occur where some one or more owners 
advantageously located believe they can secure more oil from the common 
pool by individualistic action than is contained within their own land. 
Human nature is too weak to sacrifice this personal advantage voluntarily 
for the common good and therefore voluntary unitization effort fails. 

However, it should be possible to discover a few wildcat structures 
under sympathetic ownership that would be willing to have those struc- 
tures utilized in the manner of laboratory experiments for the develop- 
ment of legal and engineering principles most suitable for the operation 
of oil pools under the new conception of oil field development. With 
evidence of the results obtained from these experiments, it should not be 
difficult to enlist legislative and judical codperation in reshaping oil and 
gas law to harmonize with physical laws that control oil and gas deposits. 

Conducting these laboratory experiments on virgin oit pools would fall 
logically within the province of the petroleum engineer. Sponsoring 
and guiding such experiments would be an unusually appropriate field 
of activity in which the A.I.M.E. Petroleum Division could render a 
distinct public service. | 


: 


Chapter IV. Petroleum Economics 


Domestic Consumption of Motor Fuel 


By Apert J. MciInrosu* 
(New York Meeting, February, 1935) 


One of the most interesting as well as important factors connected 
with the petroleum industry is the consumption of motor fuel. A few 
years ago we always spoke of “gasoline,” but when natural gasoline and 
benzol became more important it seemed desirable to include all of these 
products in the petroleum statistics and so there was adopted the term 
‘‘motor fuel,” which embraces these three products in their entirety. 
Gasoline always included all stove and motor gasolines, high-grade 
naphthas, cleaning naphthas, solvents, varnishmakers’ and painters’ 
naphtha and gas-machine gasoline. “Motor fuel” includes all of 
these products also; therefore, technically the term ‘‘motor fuel” is 
incorrect, but as the total quantity of these non-motor naphthas is small 
their inclusion does not distort the results to any appreciable extent. 

When the Federal Oil Conservation Board appointed its first semi- 
annual forecasting committee early in 1930 to project the demand for 
gasoline and crude oil into the year 1930, it was necessary for that com- 
mittee to formulate a method of forecasting. It adopted the system 
in use by some of the oil companies at that time, of using automobiles 
and per-car consumption. Six months later the American Petroleum 
Institute also formed a committee for forecasting, which adopted the 
committee principle of asking each member to produce his own forecast 
of demand by any method he thought best and to give a full explanation to 
the committee. The result of the latter method was to get the benefit of 
as many different methods of forecasting demand as there were members. 
The writer does not recall any two members ever using exactly the same 
method. By studying the different forecasts and their methods, there 
evolved a composite opinion, which was presented to the industry as the 
committee’s estimate. ‘The same method has been followed by the Amer- 
ican Petroleum Institute or Planning and Coordination Committee 


ever since. 
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In all of these forecasts of demand, no matter what method was used, 
it became apparent that the forecasted trend of business was a control- 
ling factor of very considerable importance. The early forecasts of the 
American Petroleum Institute Committee missed the mark every time 
because its members were not able to look into the future and foretell 
the extent of the business decline. The writer does not think the industry. 
can blame them much for this, especially since the errors in those years 
averaged only about 3 per cent. The writer, in his own estimates for 
the Committee, was generally on the high side, because of his belief that 
business would soon snap back. However, it did not, and that was the 
primary cause of the smaller consumption of motor fuel. 

It seemed to the writer that, if general business conditions were one of 
the controlling factors in forecasting, some method should be found to try 
and use these business indices to help in such forecasting. After some 
study the writer adopted a modification of the Harvard method, in use by 
the American Telephone and Telegraph Co. The general principles 
involved were the same as most mathematical methods of producing index 
numbers. Two things are generally done. First a seasonal variation is 
determined and then a long-time trend is calculated. Sometimes these 
seasonal variations appear to be the same year in and year out, while 
others appear to be subject to a gradual change. J. E. Pogue presented 


TaBLE 1.—Demand for Motor Fuel in the United States 
Forecastep ‘‘NorMaL”’ DEMAND FOR YEAR 1934 


Month Barrels Month Barrels Month Barrels 
Janilarvacecneets 32,507,000 || May........ 42,445,000 || September.. .| 46,162,000 
February.......} 31,028,000 | Jume........ 44,396,000 || October.....| 44,137,000 
March Sele oie rehite | ee OOO UU HOU er Senne 47,867,000 | November...| 41,177,000 
Aprile see 40,508,000 || August...... 48,482,000 | December. . .| 38,063,000 


Normau Fiaures Divivep Intro Actuat* Ficures as PUBLISHED BY BUREAU OF 


MINES 
Month Per Cent Month Per Cent Month Per Cent 
December, 1933...| 81.5 || May, 1934...... 90.8 | October, 1934...) 85.4 
January, 1934.....| 91.7 | June, 1984...” 82.4 | November, 1934] 84.8 
February, 1934....| 82.1 | July, 1934...... 78.8 || December, 1934] 80.6 
March, 1034-464 Sex: 82.1 | August, 1934...] 80.7 | January, 1935..| 83.4 
April, 1934....... .| 81.5 | September, 1934] 76.1 


* Writer uses A.P.I. basis; ie, Bureau of Mines domestic demand plus loss in 


natural gasoline. This is the method adopted by the industry generally, but the 
Bureau of Mines has not adopted it. 


’ Estimated from Weekly A.P.I. figures. 
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this phase of the problem last year!, and although his method is somewhat 
different from the method used by the writer, the results are very close. 
A changing seasonal calculation is clearly indicated and necessary for fore- 
casting consumption of motor fuel. There is calculated then a set of 
monthly data representing what the ‘“‘normal” figures should be, provided 
that the long-time trend continues at its usual rate and that the usual 
seasonal changes take place. The exact mathematics of this is somewhat 
involved but can be done by any comptometer operator after the formula 
is set down. This calculation for 1934 gave the results shown in Table 1. 

Because these monthly index numbers vary considerably, the writer 
has adopted the method of smoothing them by using the average of three 
figures rather than just one. The reasons for extreme variations are 
many. To mention a few: ' 

1. Exports reported in wrong month when compared to actual 
~ inventories reported. 

2. Speculation on price changes causes abnormal shipments. 

3. Errors in reports, which correct themselves in later months. 

4. Taxes—Federal and State causing tax rushes or lags. 

5. Abnormal seasonal changes. 

By using a three months average—1.e., previous month, current month 
and following month—and plotting the result opposite the middle month, 
a much more smoothed trend is obtained. Of course, this always 
involves estimating one month ahead, but this can be done fairly closely 
by using weekly A.P.I. figures after a method adopted by statisticians 
who work on these problems. These are then corrected when the final 
results are obtained. These three months moving averages for 1934 were 


as follows: 
SS aaa in 
Per Cent Per Cent Per Cent 
SJ eye cases can emis eel IME ee ce noe Seale ten, September...... 80.7 
Febréary..-..-..- SS MATIC ce care 5g 84.0 || October........]| 82.1 
iarekrare ene oe CUO tell] eK 0 a eer 80.6 | November...... 83.6 
Rerils ex ee ee RAV Se August.4 8.05.5: 78.5. | December...... Be aol 


Following this same method other years are calculated and plotted on 
a chart. 

The purpose of all this, of course, is to see whether there is any relation 
between the changes in the trend of the consumption of motor fuel and 
business. There are any number of business indices available for use 
today. Some are weekly and others are monthly. The writer chose the 
business activity index as published by the Annalist. The charts used 


1J. E. Pogue: Seasonal Variation in Gasoline Consumption. Trans. A.I.M.E. 
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by the writer during the A.P.I. annual meeting at Houston, Texas, in 
November, 1933, carried only two lines, Motor Fuel Consumption 
and Business Activity. It became apparent from later study that gaso- 
line had a good deal in common with other so-called consumptive goods 
indices, The writer, therefore, has adopted as an additional aid the index 
of “Distribution to Consumers”’ published by the Federal Reserve Board. 
This new line is shown on this chart. This Consumer index embraces 
department stores sales, chain store and mail order house sales, advertis- 
ing and automotive sales. In order to follow the changes between the 
three lines, it is necessary to plot them on two different scales. A two to 
one relationship was used. 

Some rather interesting things show up on the chart (Fig. 1). These 
same things, of course, are contained in the raw data but are more easily 
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Fia. 1.—INDICES OF MOTOR-FUEL CONSUMPTION IN THE UNITED STATES, DISTRI- 


ae is CONSUMERS (FEDERAL RESERVE BoarRD) AND BUSINESS ACTIVITY (The 
nnalist). 


Gasoline index number corrected for seasonal iati oe 
(1921-32), sonal variation and long-time trend 


and clearly seen and understood through the use of this method 
of presentation. 

Gasoline reached its peak in May, 1929. Some business indices also 
show this month as the high point of the business cycle, but the Annalist 
shows the high as July. Next can be seen the first effect of the depression. 
Gasoline started down in November and continued through January 
1930. The so-called Hoover bump in early 1930 is prominent in the 
motor-fuel index, which widened considerably during this period from the 
other two lines. This was due to the fact that the automobile was one 
of the last items to be curtailed by the average family. Later, when 
everyone realized that the country was facing a major depression and the 
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good old days were over for a long time, they shut down on automobile 
use and the motor-fuel index not only followed the business indices 
downwards but lost all of its former advantage. The number of auto- 
mobiles in use further substantiates this conclusion. See Table 2. 


TaBLE 2.—Average Number of Automobiles in Use, 1926 to 1934 
(Expressed in Thousands) 


a eee 


Old Cars Total Cars Cars Not Cars in Average Change 

year | ogerfrom| Reubered | Regetares | Hopsierad | esa, | Garis, | Previous 
Voar Year? Year Year Year Per Cent 

1926 18,273 3,864¢ 22,137 2,071 20,066 19,169 
1927 | 20,066 | 3,202+ | 23,268 2,369 | 20,899 | 20,482 | 6.8 
1928 20,899 3,731 24,630 2,384 22,246 | 21,572 5.3 
1929 | 22,246 | 4,407 | 26,842 | 3,059 | 23,783 | 23,015 | 6.7 
1930 23,783 3,037 26,820 2,950 23,870 | 23,826 3.5 
1931 23,870 | 2,222 26,092 | 2,980 | 23,112 | 23,491 | 1.4¢ 
(032.3 lo 23 002 unl 277 24,389 1,976 | 22,413 | 22,762 | 3.16 
1933 | 22,413 | 1,739 24,152 1,344 | 22,808 | 22,611 | 0.7 
1934 22,808 2,292 25,100 2,000¢ 23,1004 | 22,9544 1.54 


——— EE aa 
« Adjusted by adding 250,000 each year to make up deficiency in figures reported. 
6 Includes federal and state nonregistered cars and dealers’ cars (beginning 1929). 
¢ Includes 189,000 dealers’ cars—first time available, not used to calculate old cars 
carried over from previous year. : 
4 Hstimated. 
¢ Decreases. 


The average number of automobiles continued upwards through 
1930 and did not start down until 1931. With the big drop in business 
plus the drop in automobiles in use in 1931 continuing lower into 1932, it 
was natural to expect the gasoline consumption to drop materially. 

The writer was much interested in the rather close similarity between 
the business curve and that of domestic consumption of motor fuel. 
Most of the ups and downs in motor-fuel consumption find their explana- 
tion in the trend of business as indicated by the three lines charted. The 
similarity by years seems to be as follows: 


1929—Peaks close and follows trend very closely. 

1930—Hoover bump more pronounced for motor fuel—almost parallels business 
indices. 

1931—Spring push up of business reflected in summer motor fuels. After this 
collapsed, no one knew where things would stop. Gasoline tobogganed. 

1932—-Business started up in July. Gasoline stopped its downward trend in 
September and paralleled business through to March, 1933. 

1933—Gasoline improved only slightly as compared with business. This business 
improvement was largely in anticipation of N.R.A. codes and apparently 
did not benefit people by and large. After July when business slumped 
through to November, gasoline went down again even lower than before 


while business was held higher. 
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1934—Spring and early summer pick-up clearly reflected in gasoline. Summer and 
fall collapse also reflected with gasoline remaining just about as far below 
business as it was in November, 1933. Gasoline started up earlier than 
business and followed along, but is tending to lose some of the improvement 
noted in business. : 


It is shown very clearly that the motor-fuel index has gone practically 
sidewise since September, 1932. Both of the business indices used are 
trending upwards, however. 

In order to forecast with this method, it is necessary to predetermine 
the trend of business, estimate the effect on gasoline, draw the forecasted 
line on the chart, read the index numbers and apply them against the 
calculated normal figures. The writer believes business will trend 
upwards for 1935; that motor fuel will lag in following business upwards 
and continue therefore its sidewise movements. This would give a 
forecasted domestic demand for 1935 of 425,000,000 bbl. or better. 

The writer is also expecting that sometime within a year or two the 
gasoline demand will tend to close up the lag of the last two years. This 
may occur as early as the fall of 1935. This should not, however, be 
very marked. ; 

The writer feels from his study of this situation that it is apparent 
that motor fuel has reestablished its old long-time trend, but at a lower 
level, and that the full effect of the depression on motor fuels has been 
to lose permanently about three years normal growth. 


DISCUSSION 
(S. A. Swensrud presiding) 


V. R. Garrias,* New York, N. Y.—I do not want to appear facetious, but I am 
afraid my question may sound so. If you guess what is going to happen to gasoline 
from what you guess will happen to the business index, why not make one straight 
gasoline demand guess? In other words, you are basing a guess on another guess. 
It is all right for post-mortem studies to see how the thing happened, but if you are 
going to predicate your estimate of future gasoline consumption on a guess of business 
index, which in turn depends on so many factors, you are only complicating things. 


A. J. McIntosu.—I am rather lazy, and I do not always like to formulate every 
six months, at least it used to be every six months, some method of estimating motor 
fuel. I have adopted these mechanics; I just put down an idea, turn the crank, and 
out comes the answer. The reason I predicate on business is because I think business 
is the dog that wags the tail of motor fuel. I do not think motor fuel influences 
business, but I do think business influences motor fuel. It is in trying to understand 
how it influences it, and to better understand the data we get from the Bureau of 
Mines, that I play with it this way. I defy anybody to take the Bureau of Mines 
figures as they come out and get a true picture out of them, without correlating 
them somehow with business activity. It is in trying to correlate them that this 
method is worked out. 


* Henry L. Doherty and Co. 


Collective Planning in the Petroleum Industry 


By Josneu E. Poauz,* Memser A.I.M.E. 
; (New York Meeting, February, 1935) 


Tup petroleum industry has been involved in more collective planning 
than any other American industry, with the exception of the railroads 
and utilities, and therefore is of interest as a case study in the experi- 
mental attempts to regulate the economic consequences of free competi- 
tion. Planning is of course an integral part of effective management, 
hence at the outset a distinction must be clearly drawn between competi- 
tive planning and collective planning. By competitive planning is meant 
the aggregate of plans drawn up and prosecuted by the competing units 
occupying a field of enterprise; by collective planning is meant a collusion 
of plans, either originating among some or all competitors, or else imposed 
upon them, whether accepted or resisted, by some superior authority, 
usually the state. The prevailing popular concept of “‘planning”’ as 
applied to industry appears to be a program of conduct superimposed 
upon an industry unwilling or incapable of achieving a socially and 
economically desirable result under free competition. In this brief and 
tentative analysis of the subject, competitive planning is left to one side 
and attention is focussed upon the matter of collective planning as 
defined above. A basic functional difference between the two categories 
of planning is that in the case of competitive planning the individual plans 
are small, numerous, and tend to offset one another when in. error; 
whereas in the case of collective planning, the separate plans are larger in 
scope, fewer in number, and tend to escape the incidence of the principle 
of compensation. 

In viewing the evolution of collective planning in the petroleum 
industry we find that during the past 20 years there have developed four 
more or less well defined collective plans and that at the present time the 
industry is deeply involved in a collective planning trend pointing toward 
further varieties. The four plans, which are to some degree transitional, 
may be conveniently named from the chief incidents that led to their 
formulations. The first collective plan was the program of control 
developed during the World War and hence called the war plan. The 
second plan was one originating within the industry in the period between 
the war and the inflation of the late twenties and called the inventory 
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plan because it involved the theory of stabilization by means of inventory 
accumulation. The third plan paralleled the rise of the late credit 
inflation and its resulting deflation and is termed the proration plan 
because it involved a regulation of crude oil supply through a pro rata 
distribution of existing demand to the various sources of supply. The 
fourth plan was inaugurated with the passage of the National Industrial 
Recovery Act and is called the code plan because it was developed under a 
system of industrial codification and operated under the Petroleum Code. 
These four collective plans will be examined in turn to see whether their 
specific application affords any basis for drawing economic deductions or 
generalizations bearing upon the practical application of collective plan- 
ning in general. 


¥ THe WAR PLAN 


The importance of the petroleum industry in the conduct of the World 
War led to the development of a program of emergency control upon the 
establishment of the Oil Division of the United States Fuel Administra- 
tion on Jan. 10, 1918. Acting under the authority of the Food and Fuel 
Control Act of Aug. 10, 1917, the Oil Division was delegated with broad 
powers of regulation which were never called fully into action, owing to 
the successful development of a policy of cooperation between the oil 
industry and the Fuel Administration whereby the oil industry, acting 
through the National Petroleum War Service Committee, became a self- 
governing body cooperating with the objectives of the administration.! 
The Oil Division brought the oil industry into a plan to “stabilize prices 
and maintain uninterrupted flow of crude,” which included voluntary 
agreements restricting prices for refined products. ‘‘The Plan,’ as the 
agreement came to be called, was approved in final form on Aug. 9, 1918, 
and operated until its dissolution on Dec. 12, 1918. 

The objectives of the war control were to stimulate and coordinate 
supply, in the face of an augmented demand, and to prevent an undue rise 
in prices. There was no problem presented as to restricting supply, 
except in so far as some diversion of supply from less essential to more 
essential uses was brought about. The industry effectively cooperated 
to these ends; all essential requirements were met; and ‘‘the acceleration 
in crude prices was stopped, and a tempering effect exerted on the prices 
of petroleum products.” The plan was an emergency measure and 
terminated at the close of the emergency. The features of the undertak- 
ing involved cooperative action under patriotic motivation, regulation of 
trade movements in the commodities involved, and a retardation of 
price advances. 


‘See Pogue and Lubin: Prices of Petroleum and Its Products, 7-8, 26-29. War 
Industries Boards, Washington, 1919. 
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Tuer INVENTORY PLAN 


The next collective plan to make its appearance in the petroleum indus- 
try was not formalized into an agreement, but arose from a prevailing 
state of mind that led to parallel action on the part of many units in the 
industry. This concert of policy can hardly be termed a collective plan in 
the strictest sense of the term, for cooperation and collusion may have 
been wanting from it and the element of competition between individual 
policies was present in it; yet, on the whole, the resulting action visible to 
the observer was tantamount to collective effort along a single line. 

The entire concept here presented must be deduced from the recorded 
events that transpired and is not based upon documentary evidence. A 
study of the crude oil situation from about 1920 to 1927 reveals two 
striking features: (1) A succession of sharp up and down swings in the 
price of crude oil, a complete cycle being witnessed almost every year; 
and (2) a large accumulation of crude oil inventories. These circum- 
stances, coupled with the fact that the industry had derived a crude oil 
scarcity complex from the war era of rising prices, indicate that there was 
a concert of plans to stabilize the industry by augmenting speculative 
purchases when prices were low. The motivating force was speculative 
on the theory that impending scarcity would create a profit; the mass 
effect, not perhaps appreciated at the time, was an inflation in demand 
that brought about higher average price levels than otherwise would have 
prevailed. The price levels thus created stimulated additional produc- 
tion so that not only did scarcity not eventuate, but on the contrary 
overproduction was sustained, and the accumulated results of this over- 
production was retained by the industry in the form of a large inventory 
of crude, which is still on hand. 


Tur PRoRATION PLAN 


The third large plan that matured in the petroleum industry involved 
the activities combined under the term “proration.” The proration 
plan did not spring into existence full grown but evolved from a small 
beginning and is still changing in structure. While initiated by collective 
action, this plan was not fundamentally of artificial origin but was the 
resultant of powerful economic forces engendered by the so-called rule of 
capture in oil-field development, when operating in the presence of excess 
capacity and violent changes in technology brought on by overcapitaliza- 
tion. Proration in an incipient state had made its appearance on previous 
occasions but in each case was abandoned upon the passing of the emer- 
gency that brought it into existence. Proration appeared again in 1927 
to handle what was then believed to be a temporary period of overproduc- 
tion in the Seminole area in Oklahoma. It was at first a voluntary effort 
localized in a single area, but as overproduction continued there and 
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spread to other sectors, the proration function grew in scope and became 
institutionalized through enactment of legislation in several oil-producing 
states and through crystallization of trade practices. 

The failure of the inventory plan made proration inevitable, once the 
momentum of supply carried unmistakably beyond consumptive require- 
ments. The only alternative manner in which the economic forces could 
have relieved themselves would have been by direct impact with the rule 
of capture and through that encounter destroying it. Instead, the 
sequence of events followed an oblique course and modified the rule of 
capture by means of the institution of proration. It is manifest that the 
oil industry cannot function under an unmodified rule of capture, in the 
presence of production momentum in excess of market requirements. 
To debate, then, the desirability or otherwise of proration is to waste time 
upon an academic question: until nature reestablishes equilibrium, 
there are only two alternative procedures in the conduct of the petroleum 
industry; either the use of proration (in some form) as a production con- 
trol or the destruction of the rule of capture. The former course has 
been elected by events and perhaps this avenue is one through which the 
rule of capture is to be slowly and laboriously done to death. 

The proration plan has impressed far-reaching consequences upon the 
petroleum industry; some favorable, others harmful. On which side the 
balance lies is probably a problem in relativity; the subject is vastly com- 
plicated and in this place it must suffice merely to list the outstanding 
effects, as follows: 

1. Proration sustained oil prices for a period but did not prevent an 

eventual decline in price levels. 

2. Proration permitted the accumulation of a large hidden ‘‘inven- 
tory’? in the form of the crude oil potential (i.e., drilled up but 
suppressed production). 

3. Proration led to a major overdevelopment of marketing facilities 
as a terminal expression of the crude oil potential. 

4. Proration led to a proliferation of state regulatory laws and brought 
the operation of the industry into the political arena. At the sanie 
time it led to advancement in the scope of state conservation laws. 

5. Proration contributed to a change in the price concept, weakening 
the role of price as a mechanism for equalizing supply and demand, 
and furthering the idea of price as a reward of merit. 

6. Proration built up a method of production control for balancing 
supply and demand in a volumetric sense, but in so doing stimu- 
lated disparity between the pressure aspects of supply and demand. 

7. Proration caused a major advance in the technique of crude oil 
production by forcing many fields to be operated under conditions 
creating some to many of the efficiencies of unit operation?. 


* Unit operation, it should be noted, involves the complete negation of the rule 
of capture. 
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The proration plan involves a system of quotas limiting crude oil 
production to estimated demand. Within the states the estimated 
demand is allocated to the separate fields and to the individual leases 
comprising the fields through the agency of state regulatory bodies or 
cooperative committees; and enforcement is based upon state laws 
prohibiting waste. The determination of state quotas, always a difficult 
problem, was first systematically attacked by the Federal Oil Conserva- 
tion Board in 1930, when it appointed a Committee on Petroleum 
Economics to prepare advisory state allocations—a function that has 
been carried over into the petroleum code. The idea of a possible need 
for a more formal coordination of the several states has given rise to 
periodic attempts to develop an Interstate Oil Compact, which would 
bring the oil-producing states and the Federal Government into a joint 
plan of production control. 

The proration plan, contrary to the war plan and the inventory plan, 
has not been superseded but was utilized and elaborated under the 
ensuing program of the code plan. 


THE Copr PLAN 


The code plan originated in the social and economic stress of the 
depression and therefore was superimposed upon the industry, which 
willingly lent its cooperation because the new instrumentality of control 
was developed in the midst of one of the periodic breakdowns in the 
functioning of proration. Thus the code plan bears more structural 
resemblance to the war plan than to the two intermediate plans: the war 
plan and code plan were initiated by forces outside the confines of the oil 
industry proper and each involved cooperation between the Federal 
Government and the industry, with the principle of industrial self- 
government brought to the fore; the inventory plan and proration plan 
were internal in origin and only one of them transgressed the industrial 
boundary, and that only to the extent of involving the police power of 
the oil-producing states. All efforts to create a new variant, by engaging 
the Federal Government and the states in the joint enterprise, have thus 
far failed, wrecked on the shoals of states’ rights, although such efforts 
have lately been renewed under the leadership of the Governor-elect 
of Oklahoma. 

The Petroleum Code rests upon the authority of the National Indus- 
trial Recovery Act and the objectives of the code may be stated to have 
been: (1) to improve the buying power and working conditions of labor; 
(2) to balance supply and demand; (3) to restrict importations of oil; 
(4) to conserve the resource; and (5) to “stabilize” oil prices. The code 
carried price-fixing sections, which were never invoked in a formal manner, 
although the operation of the code contributed to a pegging of crude oil 
. prices at a dollar level, to an advance in discounts allowed gasoline 
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resellers, and to numerous attempts to bring gasoline prices at wholesale 
and retail into a parity zone relative to the dollar base for crude oil. 

It is perhaps too early to arrive at impartial judgment as to the 
initial results of the code plan, but as in the case of the proration plan the 
consequences have been far-reaching, some advantageous and others 
harmful. The subject is very involved and the attempt can only be 
made here to list, with scant discussion, the principal effects of sixteen 
months’ operation under the code: 

1. The code plan through control of production maintained approxi- 
mate volumetric equilibrium between supply and demand, but 
was aided in this objective by the instrumentality of proration 
which the plan embraced but did not originate. The code plan 
was less successful in regulating the pressures of supply and 
demand, so that a balanced price structure was not achieved. 

2. The code plan restricted the volume of imported oil, but did not 
coordinate the program in respect to the different commodities 
affected and the international aspects of such action. 

3. Thecode plan passed over the fundamental cause of disequilibrium 
in the petroleum industry, the rule of capture, and concentrated 
its conservation efforts upon the development of plans for the 
drilling of new oil fields. 

4. The code plan sought to freeze crude oil inventories, thus tending 
to prevent the liquidation of the economic error committed 
during the operation of the inventory plan. 

5. The code plan devoted much time and effort to the creation of 
artificial price conditions through price-fixing of one sort or 
another. 

6. The code plan contributed to the expansion: of an already over- 
developed marketing situation by stimulating increases in 
reseller margins’. 

7. The code plan created a far-flung and complex oteaniéeatea for 
the direction and enforcement of the plan; and led to a central- 
ization of authority in two bodies representative of the Federal 
Government and of the industry. 


* The marketing situation, which has attracted such a plethora of discussion, is 
fundamentally simple; merely permit retail prices to be wholly governed by wholesale 
prices, with a narrow spread between, and everything possible will have been done to 
recreate economic balance in this department of the business. But this price relation- 
ship is exactly what both the code plan and the industry prior to the code have striven 
sedulously to avoid—perhaps with some reason, so far as the code plan is concerned, 
for oil marketing is a social problem as well as an economic one. The oil industry he 
been severely criticized for the waste involved in the extensive duplication in its gaso- 
line distributing facilities and efforts. From the point of view of social reform, how- 
ever, it would seem that far from being censored on this score, the industry Ehoal’ be 
commended for creating such an effective mechanism for the sedisthvuien of wealth! 
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8. The code plan developed a Federal Tender System which proved 
for a period to be an effective instrumentality in regulating the 
shipments of “‘hot” oil from the East Texas field. : 

9. The code plan applied the system of centrally coordinated pro- 
duction quotas developed by the late Federal Oil Conservation 
Board and sought to extend a similar procedure to the field of 
refining. ; 

10. The code plan enlarged the share of labor in the gross income of 
the industry and increased the bargaining strength of labor in 
respect to rates of pay and conditions of work. 

11. The code plan emphasized the national aspects of the petroleum 
industry and sought to establish the authority of the Federal 
Government to regulate the movement of oil across state bound- 
aries when in excess of state production quotas. 

12. The code plan assisted the industry to make modest profits but 
was aided in this result by underlying improvement in the 
industry arising from natural causes. 

13. The code plan brought all elements in the industry into closer 
contact with problems of collective management and contributed 
an important stimulus toward the better understanding of these 
issues. 


CHARACTERISTICS OF COLLECTIVE PLANNING 


The data provided by four examples are obviously a meager basis for 
deductions of general application. Nevertheless the field of observation 
is one of the best available and at least the indicated tendencies may be 
noted as characteristic phenomena, without implication as to their 
continuity or extension. Whether undertaken by the industry as a whole 
_or by governmental authority, or by the two in combination, the nature 
and functioning of collective planning seem to run rather consistently 
along parallel lines. The outstanding features of collective planning as 
exemplified in the petroleum industry appear as follows: 

1. Collective plans are developed in periods of economic stress to 

prevent the extension of undesired tendencies. 

2. The motives for collective planning are expected profit—financial, 

political, or social. 

3. The avowed purposes of collective planning are price stabilization, 

prevention of waste, and redistribution of advantage. 

4. The methods used in furthering collective plans are cooperation, 

_ legal coercion, and centralization of authority. 

5. The sponsors of collective planning are the industry, the state, or 

the two in conjunction. 

6. Collective planning tends to be diverted from fundamental con- 

siderations and to address itself to opportunistic measures. To 
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win popular support, collective planning is forced to work toward 
the attainment of primary economic resultants, overlooking the — 
secondary and tertiary consequences which are often the reverse 
of the objectives sought. 


. Collective planning centers its efforts upon price regulation, 


seeking to direct price movements along lines favorable to pre- 
conceived objectives. This aim is supported by measures designed 
to alter the forces of supply and demand, but overt price-fixing 
efforts are employed as a major instrumentality. The sharp focus 
on price results in the creation of counter economic pressures that 
call forth additional measures for their control. 


. Collective planning leads toward progressive complexity in 


administration and increasing centralization of authority. 


. Collective planning is a powerful instrumentality of change and 


its application should be the subject of critical study in order to 
eliminate such of its imperfections as may be purely functional. 


TREND OF COLLECTIVE PLANNING IN THE PETROLEUM INDUSTRY 


This brief review is perhaps sufficient to indicate that collective 
planning in the oil industry has developed by a series of stages and 
presents an evolutionary aspect. The industry is now operating under a 
collective plan, or more properly under a combination of two collective 
plans, with progressive changes in structure still under way. While 
the drift is toward still further complication in structure, the end point 
in the process of change cannot be clearly perceived. The alternative 
destinations, however, may be blocked out in rough outline, as follows: 


1. A fully centralized plan, under federal authority, tending to 


restrict competition, regulate volume and prices, and limit growth 
and change. 


2. A decentralized plan combining proration with relative freedom of 


prices and preservation of competition. 


3. A reversion to competitive planning. 


ee 2. ee ee 


Proven Reserves of Mineral Fuels in the United States 


By VALENTIN R. Garrias,* Memper A.I.M.E. 
(New York Meeting, February, 1935) 


A survey of the resources of mineral fuels, coal, petroleum and 
natural gas presupposes a clear distinction between the known amount 
underground and the “‘proven reserves”; the portion that can be eco- 
nomically brought to the surface and made available for utilization. 

Only a fraction of the coal and petroleum in producing fields is or 
can be economically brought to the surface and not all of this is eco- 
nomically utilized; also, although practically all the natural gas can be 
economically recovered and utilized, in actual practice a large part of 
the total volume that reaches the mouth of the wells is wantonly blown 
into the air and wasted. It is thus estimated that of the total amount of 
coal underground about 40 per cent remains unrecovered, or is otherwise 
wasted, before it reaches the consumer; that only some 25 per cent of 
the petroleum in proven fields is actually brought to the surface; and 
that even if practically the entire volume of natural gas can be eco- 
nomically utilized, in actual practice close to 25 per cent of the total 
produced is now absolutely wasted. And the dissipation of this gas, 
unwarranted as it is, not only diminishes the gas supply but diminishes 
also the proven reserves of petroleum from such fields as the Panhandle 
of Texas, where petroleum and natural gas are produced simultaneously. 

Many factors affect the estimates of the proven reserves of mineral 
fuels, such as the capacity and nature of the reservoir, its depth, the 
quality of the product, the efficiency of recovery, the price of the fuel 
and its byproducts, etc., ete., but superseding at times all of these in 
connection with petroleum and natural gas deposits is the effect of 
“subsoil ownership”? on the rate and methods of exploitation of the 
deposits. As a result it should be a comparatively simple matter to 
eliminate waste and overproduction, and thereby increase the proven 
reserves of petroleum and natural gas, in Russia, Iran and Iraq, where 
the subsoil rights are nationalized, or in any country in which there is or 
can be quickly established an effective legal control of the underground 
deposits and the manner of their exploitation. It has been and it is 
now, on the other hand, almost an impossible undertaking to intelli- 
gently regulate the petroleum and natural gas production in the United 


Manuscript received at the office of the Institute March 1, 1935. 
* Foreign Department, Henry L. Doherty & Co., New York, N.Y. 
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States, where the ownership of these products is based on the paramount 
right of the individual surface owner to “‘capture” within the boundaries 
of his property all the oil or gas under his land or migrating through it. 
This unlimited “right to capture” results, among other things, in the 
blowing daily into the air of over 1,000,000,000 cu. ft. of natural gas 
in the Panhandle field alone, a very high price for the State of Texas 
and the United States to pay for the sake of perpetuating these anti- 
quated and destructive laws, which place the individual above national 
rights and affect national security through the wanton and irreparable 
destruction of these essential munitions of war. 

Table 1 shows that the proven coal reserves of the United States are 
equivalent to some 4800 years supply at the present rate of production, 


TaBLE 1.—Proven Reserves of Mineral Fuels in the United States 


Coal, Natural Gas, Petroleum, 
Million Net Tons Trillion Cu. Ft. Bbl. 
1934sproduction A2.7--)se\ ee 390 1.633° 910,051,000 
Total production to end of 1934 21,3002 30.310° 16,600,419,000 
Proven reserves at end of 1934. . 3,414,550 40.0002 13,000,000,000 


2 Does not include about 9 billion tons of coal left in the mines, or otherwise 
wasted. ° Does not include some } trillion cu. ft. blown into the air and wasted in 
1934. ¢* Does not include some 8 trillion cu. ft. blown into the air and wasted from 
beginning to date. ¢ Includes some 10 trillion cu. ft. that will be wasted if production 
methods continue as at present and if the “law of capture’’ is not superseded or 
intelligently modified. 


that reserves of natural gas theoretically can take care of present demand 
for some 20 years, and proven petroleum reserves represent close to 
14 years supply on the basis of present consumption. Obviously the 
present rate of production of these fuels cannot be maintained until 
the entire supply is exhausted, therefore any shortage will be experi- 
enced before that time, if consumption is to be met by present proven 
reserves. Approximate as these figures are, nevertheless they clearly 
show: (1) that the United States is amply supplied with coal for future 
needs, (2) that natural gas is available for consumption for the com- 
paratively short time of some 20 years, (3) that the proven petroleum 
reserves are inadequately small, more so than those of natural gas, (4) 
that the “law of capture” is the paramount handicap affecting economic 
oil and gas recovery, and to it can be chiefly ascribed the appalling waste 
of natural gas and the uneconomic recovery of petroleum and natural gas 
and (5) that no permanent remedy of these conditions can be expected 
until the “law of capture” is superseded or basically modified to make 
possible the economic development and exploitation of oil and gas 


fields through the “unit plan’? of operation or some other similar 
effective method\ 


World’s Consumption of Petroleum Products 


By V. R. Garrias* anp R. V. Wuetset,* Mempurs A.I.M.E. 
(New York Meeting, February, 1935) 


For some time the writers have been compiling and analyzing statis- 
tics of consumption and production of petroleum, its products and related 
fuels, in order to arrive at a fairly accurate picture of the world-wide 
situation of the petroleum industry. In production, crude oil, natural 
gasoline, benzol and alcohol blended with motor fuel have been con- 
sidered. In consumption not only refined products, but crude consumed 
as fuel, refinery losses, ships’ bunkers and blended fuels have been taken 
into account to obtain a true balance between supply and demand. 
Statistics from practically every country and territory have been studied, 
and where actual figures were not available the estimates have been based 
on all the data available. 

The figures in Table 1 indicate that during the last five years the 
world’s production has exceeded demand every year and that the aggre- 
gate difference is some 207,150,000 bbl. The supply in the United 
States exceeded consumption by 111,401,000 bbl. over the same five-year 
period and in 1931 and 1932 the demand exceeded supply, while outside 
the United States the excess of output over demand was 95,749,000 bbl. 
Table 2 combines the excess production in the United States with its 
favorable balance of exports over imports, showing that the United 
States has reduced its storage over the five years by about 136,- 
595,000 bbl., while in Table 3 it is shown that, including its excess of 
imports from the United States, the rest of the world has added 343,- 
745,000 bbl. to storage during the period in question, the greatest 
accumulation coming in 1934. ‘Table 4 shows the world’s consumption 
classified by countries according to the principal products. 

These tables also indicate that at the end of 1934 the statistical 
position of the petroleum industry outside the United States was decid- 
edly unstable, a situation that probably will become more acute as a result 
of the added Iraq production; and that the present favorable statistical 
position of the industry in the United States, which is partly due to the 
excess of exports over imports, may be to some extent jeopardized by 
the unstable situation in the foreign market. 


Manuscript received at the office of the Institute Feb. 6, 1935. 
* Foreign Department, Henry L. Doherty & Co., New York, N. Y. 
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TABLE 1.—Production and Consumption of Oil 

: : THOUSANDS OF BARRELS ; 

ee ee ee SS 
Excess Production over 


Year World Production World Consumption Consumption 
1930 1,477,989 1,428,499 49,490 
1931 1,432,142 : 1,417,374 14,768 
1932 1,362,039 1,348,407 13,632 
1933 1,467,128 1,406,923 60,205 . 
19342 _ 1,553,100 1,484,045 69,055 
7,292,398 7,085,248 207,150 


« Estimated from statistics available in December. 


TABLE 2.—A mount of Oil to Storage, United States 


THOUSANDS OF BARRELS 


Waar Hpces la heeene over yer ely over Total to Storage 
1930 30,700 R 51,939 R_ 21,239 
1931 R_ 5,815 R_ 38,788 R 44,603 
1932 R 13,011 R 28,781 R 41,792 
1933 67,427 R_ 60,254 7,173 
19342 32,100 R_ 68,234 R_ 36,134 
111,401 R 247,996 R 136,595 


« Estimated from statistics available in December. 


TaBLE 3.—A mount of Oil to Storage, World Outside United States 


THOUSANDS OF BARRELS 


‘ E I 
Year aaa RES Over U.S.A. over Reports to Total to Storage 

1930 18,790 51,939 70,729 
1931 20,583 38,788 59,371 
1932 26,643 28,781 55,424 
1933 R 7,222 60,254 53,032 
19342 36,955 68,234 105,189 

95,749 247,996 343,745 


« Kstimated from statistics available in December. 
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TaBLE 4.—World Consumption of Petroleum Products and Related Fuels 


THOUSANDS OF BARRELS 


Phen Islands. . 
Czechoslovakia 
Switzerland 
Hawaiian Islands 


1932 1933 
Gas and . . Gas and 
Motor | Kero- Lubri- | Miscel- Motor | Kero- 
Fuel sene uel cants | laneous Total Fuel sene ae 
377,791| 33,221] 308,157] 16,614| 99,699) 835,482) 381,561 38,440) 321,395 
7,60 58,492) 5,292) 4,260 99,115} 8,838) 24,722) 51,818 
19,280) 2,462) 1,810 59,163} 33,220) 5,480} 21,900 
8,828] 1,768] 1,814 33,565] 21,268} 1,522) 12,594 
13,153 746] 2,060 31,952] 15,016} 1,608] 13,520 
3,996) 2,015] ~1,620 21,380) 12,373 841] 6,429 
12,244 287 820 19,018} 5,301] 1,064] 12,678 
6,227 982 530 13,823] 5,650} 1,006} 7,781 
9,820 109) 2,413 14,633} 1,765 583} 11,091 
9,701 190} 2,020 13,842 726) 1,262) 10,076 
3,668 770| 1,036 14,779| 2,085] 5,899} 3,382 
5,323 801 229 10,370) 3,001] 1,133] 7,296 
5,750 531} 1,356 11,834] 1,500). 2,275) 4,610 
772 313 513 7,947| 5,724] 1,201} 2,631 
5,200 22) 2,820 8,217 160 21) 5,100 
1,530 194 85 6,158 744| 4,460) 2,184 
3,200 670} 1,230 6,761 673} 1,285) 3,259 
1,376 352 202 6,167] 3,291) 1,464) 1,992 
4,866 42 350 5,757 507 17| 4,922 
2,312 149 20 4,861) 2,005 629) 2,945 
1,602 321 60 5,516) 2,930 719} 2,008 
1,728 210 280 5,505] . 3,032 215) 1,502 
984 590 103 4,663} 2,589 304 978 
1,605 181 14 4,419} 1,840 680} 1,680 
1,231 114 102 4,002 419] 2,061) 1,506 
2,784 52 40 3,748 504 114) 2,840 
404 130 147 2,997} 2,149 451 560 - 
1,335 69 48 2,576 895 264) 2,090 
759 560} 1,824 74 102 3,319 891 590) 1,790 
2,001 220 337 190 32 2,780) 1,911 353 712 
1,736 194 862 150 25 2,967) 1,661 186} 1,014 
905 106) 1,449. 45 72 2,577 909 129) 1,624 
1,669 159 968 62 41 2,899) 1,590 120 780 
643 944 328 357 452|° 2,724 730 948 401 
110 61) 2,690 31 236 3,128 122 63] 2,030 
508 230) 2,308 62 110 3,218 414 259) 1,519 
410 64) 1,415 32 18 1,939 520 63) 1,358 
581 180) 1,363 23 7 2,154 590 210} 1,410 
78 22) 1,631 8 7 1,746 80 24) 1,792 
141 153 530 33 156 1,013 185 182 832 
1,110 420 103 65 124 1,822). 1,101 416 110 
840 243 425 127 12 1,647 848 276 643 
930 364 187 81 70 1,632} 1,138 377 244 
342 328 590 31 165 1,456 428 461 509 
435 495 _ 207 41 20 1,198 431 489 341 
402 166 722 67 32 1,389 393 147 777 
391 59 943 23 16 1,432. 449 65 806 
392 315 266 34 38 1,045 432 368 267 
442 344 76 63 50 975 511 282 96 
726 125 83 38 91 1,063 696 100 77 
5,092] 4,211) 14,530 891 710 25,435| 5,142) 4,367) 15,114 
528,609] 103,022] 529,405] 38,504) 128,267 1,327,807, 540,988] 110,190) 554,958 
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Taste 4.—(Continued) 


Norway. . a 
Phillipine Islands. 

Czechoslovakia. . . 
Switzerland...... 
Hawaiian Islands. 


1934 
Motor | Kero- Lubri- | Miscel- 
Pack Fuel ["cants |laneous| tal 


137 12 3,010) 1,780 200) 1,100 140 
44 59 2,765 920 130} 1,800 . 50 
72 71 2,633) 1,680 110 950 70 

308 378 2,810 750 920 380 310 
30 210 2,455 120 70} 2,200 30 
52 216 2,460 450 260} 1,500 50 
43 10 1,994 560 60} 1,780 40 
29 ll 2,250 660 230) 1,500 30 

8 17 1,921 90 30} 1,900 10 
39 210 1,448 310 200} 1,200 60 
61 150 1,888} 1,180 420 160 70 

137 16 1,920 830 270 650 140 

107 86 1,952] 1,000 370 350 100 
32 190 1,620 440 480 520 40 
58 89 1,408 500 490 480 70 
41 30 1,388 390 150 900 40 
22 20 1,362 460 70 850 20 
31 40 1,138 460 380 260 30 
65 58 1,012 530 290 80 70 
48 60 981 710 110 90 50 

984 985 26,592) 5,300) 4,500} 15,600) 1,000 

40,953! 136,134) 1,383,223! 574,500, 117,405] 577,900; 43,845 


1,000 
146,395 


27,400 


1,460,045 


ee SSSSSSSSSSSSSSSMFeee 


4 Wstimated from statistics available in December. 


Chapter V. Production 


Introduction 
By Frank A. Heratp,* Mempsr, A.I.M.E. 


In order to facilitate interpretation of the data in this chapter, we 
print the following excerpts from my circulars to authors: 


Generally in Table 1 the unit for presentation of data is a field. For our purposes 
a field is defined as the whole of a surface area wherein productive locations are con- 
tinuous. Such unit commonly includes and surrounds nonproductive areas. Such 
unit commonly includes a great variety of geologic conditions—several units of con- 
tinuous productive reservoirs of distinctly different structure and of distinctly different 
stratigraphy. Therefore it is hoped that our authors will subdivide “field” so as to 
enable students to make analyses that may have scientific and/or commercial value. 

As to each space in the tabulation, it is either (1) not applicable, (2) the proper 
entry is not determinable, (3) the proper entry is determinable, but not determinable 
from data available to the author, (4) the proper entry is determinable by the author. 
In spaces not applicable, the author will please draw horizontal lines; in spaces where 
the proper entries are not determinable, the author will please insert x; in spaces where 
the proper entries are determinable but not determinable from data available to the 
author, the author will please insert y; in spaces where the proper entries are deter- 
minable by the author he will, of course, make such entries. Generally, y implies a 
hope that in some future year a definite figure will be available. : 

Inability to determine precisely the correct entry for a particular space should not 
lead the author to insert merely y. Contributions of great value may be made by the 
author in many cases where entries are not subject to precise determination. In such 
cases the author should use his good judgment and make the best entry possible under 
the circumstances. For many spaces, the correct entries represent the opinion of the 
author (for example, ‘‘Area Proved”) and in such cases the entries need not be 
hedged to such extent as in cases where the quantities are definite yet can be ascer- 
tained only approximately by the author. 

In cases under definite headings but where figures are only approximate, the 
author may use z. For example, if the total production of a field is known to be 
between 1,800,000 and 1,850,000, the author may report 1,8vz,xx2; or if the produc- 
tion is between 1,850,000 and 1,900,000, the author may report 1,9xz,rxz. 

Where a numeral is immediately to the left of x or y, such numeral represents the 
nearest. known number in that position. 

As to quantity of gas produced from many fields the question will arise as to 
whether the figures should include merely the gas marketed or should include also 
estimates of gas used in operations and gas wasted. Although rough approximations 
may be involved, our figures should represent as nearly as pessible the total quantity 
of gas removed from the reservoir. 

While we have not provided a column for showing the thickness of the productive 
zone, generally the difference between average depth to bottoms of productive wells 


* Consulting Petroleum Geologist and Engineer, Fort Worth, Texas; Vice Chair- 
man for Production, A. I. M. E. Petroleum Division, 1933 and 1934. 
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and average depth to top of productive zone will represent approximately the average — 
thickness of the productive zone. For fields where this is not true because of unusually 
high dips, or for other reasons, it is suggested that the authors indicate in their texts 
the approximate average thickness of the productive zone. 

The figure representing net thickness of producing rock should correspond to 
the total of the net portions of the producing zone which actually yield oil into the 
drill hole. It is recognized that for some fields the authors can make only rough 
guesses—so rough that figures would be of no value. In such cases the authors should 
enter either x or y, whichever is more appropriate. Production per acre-foot will 
have to be treated, of course, in the same manner for the corresponding fields. 

We are particularly anxious to have every author give due consideration to the 
determination of structural conditions of each oil and/or gas body. Please consider 
each oil and/or gas reservoir and indicate its structure. The mere fact that a reservoir 
is on an anticline is not proof that the structural condition affecting the accumulation 
is anticlinal; for example, an oil and/or gas body limited by the upper margin of a 
lens on the limb of an anticline is ‘‘ML”’ as to structure. By all means, if the oil 
body occupies any position in the lens other than its upper limit, please so indicate 
clearly by footnote, for ‘‘ML” means, unless modified, that the accumulation is at 
the upper part of the lens. In every case where the oil and/or gas body terminates 
short of the up-dip continuity of the reservoir, please carefully check your evidence 
and then appropriately record your conclusion. ‘“‘Terrace,” ‘“‘Nose” and ‘‘Syn- 
eline”’ are the only terms in our legend which presume such continuity. 

Please note that the heading ‘‘ Number of Dry and/or Near-dry Holes” is intended 
to cover only such holes as are within the limits of the defined fields. The holes 
entered here will be distributed in Table 2 by counties and by depths. 


Footnotes TO COLUMN HEADINGS—TABLE 1 


2 In areas where both oil and gas are produced, unless gas is marketed outside the field, such areas 
are included in column headed ‘“‘Oil.’” Manufacture of casinghead gasoline and carbon black is inter- 
preted as outside marketing of gas. 

+’ Production per acre is determined by dividing into the number of barrels of oil the sum of the 
number of acres assigned to ‘‘Oil’’ plus such number of acres of the total assigned to ‘Oil and gas”’ 
as represents the portion thereof occupied by oil. 

* Wells producing both oil and gas are classified as ‘‘ Producing oil only"’ unless gas from them is 
marketed off the lease. 

4 W, water; G, gas; A, air; AG, air-gas mixture. Numbers following letters indicate number of 
injection wells. 

* Bottom-hole pressures are preceded by ‘‘e.’’ All other figures represent pressures at casinghead 
with well closed. 

/P, paraffin; A; asphalt; M, mixed. 

9 Cam, Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; Mis, Mississippian; MisL, Lower 
Mississippian; MisU, Upper Mississippian; Pen, Pennsylvanian; Per, Permian; Tri, Triassic; Jur, 
Jurassic; CreL, Lower Cretaceous; CreU, Upper Cretaceous; Eoc, Eocene; Olig, Oligocene; Mio, 
Miocene; Pli, Pliocene. 

+8, sandstone; SH, sandstone, shaly; Ss, soft sand; H, shale; L, limestone; LS, limestone, sandy; 
C, chalk; A, anhydrite; D, dolomite; Da, arkosic dolomite; GW, granite wash; P, serpentine. 

‘ Figures are entered only for fields where the reservoir rock is of pore type. Figures represent ratio 
of pore space to total volume of net reservoir rock expressed in per cent. ‘‘Por’’ indicates that the 
reservoir rock is of pore type but said ratio is not known by the author. ‘ Cav” indicates that the 
reservoir rock is of cavernous type; ‘' Fis,” fissure type. 

7A, anticline; AF, anticline with faulting as important feature; Af, anticline with faulting as minor 
feature; AM, accumulation due to both anticlinal and monoclinal structure; H, strata are horizontal or 
near horizontal; MF, monocline-fault; MU, monocline-unconformity; ML, monocline-lens; MC 
monocline with accumulation due to change in character of stratum; MI, monocline with scouadation 
against igneous barrier; MUP, monocline with accumulation due to sealing at outcrop by asphalt; 
D, dome; Ds, salt dome; T, terrace; TF, terrace with faulting as important feature; N, nose; §, eet 

* Information will be found in text as indicated by symbols; A, name of author, other than above; 
who has compiled the data on the particular field; C, chemical treatment of wells; G, gas-oil ration: 
P, proration; U, unit operation; R, references; W, water; O, other information. : 


Oil and Gas Development in Arkansas in 1934 


By H. K. Suearer,* Memper A.I.M.E. 
(New York Meeting, February, 1935) 


Dritirme for oil and gas in Arkansas in 1934 showed more activity 
than in any year since 1929; with a total of 96 completions, including 
36 oil wells, 1 gas well and 59 dry holes. Of the producers, the lone gas 
well and 35 oil wells were in old fields, and one wildcat producer opened 
anew pool. Of the dry holes, 16 were in or near fields and 43 were wild- 
cats. The total reported initial daily production of the oil wells was 
9013 bbl., averaging 252 bbl. per well. Active drilling operations num- 
bered 65 at the close of the year, compared with 26 at the beginning. 


TaBLE 1.—Ouzl and Gas Production in Arkansas 
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Area Proved, Acres 
Line Age, 
Num- F Field, County Years 
ber toEnd | |. | Oiland 
of 1984 | Oil Gasaa Gas | Total 
Oil Fields (Southern Arkansas) 
1 | El Dorado, Union.........-.02:.-c cee cree nec stnanen erect eresenes 15 8,000 x 73) 8,000 
FV Tema, NEMRG. ows acgecc sce cc sa tenresnen sate ne sansibigies sts Aen 14 820 z 23} 820 
3 | East El Dorado!, Union.........0..00cceecereseeeneeene rer eneees 13 1,420 £ x3) 1,420 
4 | Stephens, Columbia, Ouachita, Nevada..........+++++++eese seer ees 13 3,000 £ 28} 3,000 
5 | Smackover, Ouachita, Union.........0.+-+eecere eee eerste eters 13 25,600 £ 23] 25,600 
6 Heavy oil arear.....-2.2.sccers ene ccutia seer ters aeerteenesses 13 16,000 x 28] 16,000 
7 Tiightioil aredeotc. apr «icc canis vier + +4 ab de vances mane elee nee ei 13 9,600 z 23) 9,600 
8 | Bradley, Lafayette........000.-seec sees ccecees eee ecsctesceseness 10 80 0 0 80 
© | Lisbony Lindon s..c an c+ eens oe eye 4 sine dle = oe cieln eae vale genes 9 2,700 Lz 13| 2,700 
10 | Champagnolle?, Union.........-0++ceesees sneer renee sees reeenn ees 8 2,000!) x x3| 2,000 
11 | Mt. Holly, Ouachita... .. 2.00. .crcuceccneeeenenceeteeseesccseees 6 60 0 0 60 
TP. | Webaal Unt. ses cme wm eieteie an wittow nie ai eidine o Wleinomm erase ¢ sinip vin miss 5 400 2 23) 400 
13 | Garland City, Miller. ..........cccensecessenerentecereeeteee reese 3 300 0 0 300 
14 | Camden, Ouachita..... 0... -.0serecccecenenetaweneeeecenersa ees 0 z 0 0 £ 
15 Total, il fieldS........0..0seecceceeer eee ceescteernes swear nes 44,380 © 8] 44,380 
Gas Fields (Northern Arkansas) 
16 | Mansfield, Scott, Sebastian 33 0 0 3,000 | 3,000 
17 | Massard Prairie, Sebastian felhogeis 0 0 3,000 | 3,000 
18 | Kibler, Crawford..........-s0sceccreeseeeneeenees i 20 0 0 3,100 | 3,100 
19 | Williams, Crawford........... 0000s cese eer er ees by 17 0 0 4,000 | 4,000 
90 | Clarksville, Johnson... ......0+0ese sree tees ress 2 14 0 0 2,650 | 2,650 
91 | Alma, Crawford... . 100: ...see scoters steer e ces = 13 0 0 1,640} 1,640 
22 | Lavaca, Sebastian.......-0.e+ sree reece er eees be 5 0 0 3,000 | 3,000 
93 | Shibley, Crawford........-.-:+-eeeeeeeeeerees ee 5 0 0 2,560 | 2,560 
24 Total, gas fields 0 0 22,860 | 22,860 
25 Total, Arkansas 44,380 | 2% | 22,8603) 67,240 


a Footnotes to column headings and explanation of sympols are on page 249. 

1 Including Woodley pool in secs. 5, 6, Zand 8, T. 188., R.14W.; also sec. 14, T. 185., R. 14W. and sec. 2, T. 185., R. 15W. 

2 Sometimes called Rainbow City. ‘ 7 

3 El Dorado, Irma, East El Dorado, Smackover, Lisbon and Champagnolle produced large quantities of gas from tops of 
structures or upper edges of sands in earlier years. The gas was largely wasted, but some was used commercially. Stephens 
produced some gas from Nacatoch and Urbana from 2,700-ft. sand. d 

4 Tokio sand covers 300 acres; Crain, 900; Gregory, 800; Taylor, 400; partly overlapping. 


Manuscript received at the office of the Institute Feb. 18, 1935. 
* Geologist, The Hunter Company, Inc., Shreveport, La. 
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Oil production in Arkansas has declined every year since the Smack- 


over peak in 1925; but the total of 11,416,440 bbl. in 1934 showed a decline 
from the preceding year of only 47,225 bbl., or 0.4 per cent. Production 
was held up by working over and more continuous pumping of old wells 
in all fields, as well as by the completion of a number of good producers 
in the Champagnolle, Urbana and Garland City fields. There was an 
increase in production from the Irma and Stephens fields also. 

Production per producing well in Arkansas from discovery 
to the end of 1934 has been: El Dorado, 40,200 bbl.; Irma, 37,340; 
East El Dorado, 46,880; Stephens, 17,700; Smackover, 92,450; Bradley, 
37,320; Lisbon, 17,180; Champagnolle, 55,160; Mt. Holly, 19,510; 
Urbana, 83,080; Garland City, 30,550; average for state, 70,540. 

Camden.—The only new field discovered during the year was opened 
by the T. J. Gaughan et al. No. 1 Bragg, SE. of NW. of SE., sec. 25- 
138.-18W., 4 miles west of Camden. This well made a good showing 
of heavy oil on drill-stem test early in December, and was completed 
Dec. 26, pumping about 100 bbl. per day from the Nacatoch sand at 
1356 to 1369 ft. Probably it opens a small fault-line field of the same 
type as Irma. Already there were four dry holes within a 2-mile radius 
and at least 20 within 5 miles. A south offset well had tested water 
in the producing sand before the end of the year. 


TaBLE 1.—(Continued) 


. * Average Oil Total Gas Production, Number of Oil 
Total Oil Production, Bbl. Production, Bbl. Millions Cu. Ft. and/or Gas Wells 
pine, Daily . 3 s During 1934 
her To End of | During Durii ans = 33 a S oD i ax 22 
uring age = 8 
1934 1933 1934" [during] 2 |Z=(EA| 3 | | S| gels] B | F 
| 88 | BSS uy] 3s] 2 
os |g |2see & | 2] | Si\es] 2 | 
sa |salsc| ¢ | B| 3 |S3| 8a] 8 | 2 
AY ay 1A a & 6) is) =< 
1 | 44,705,060 |. 775,895 | 712,320 | 1,830] 5,558] 280 | 7.5 Pe 1 
2 5,303,240 | 231,000 | 300,780 | 933] 6,470] 431 |14 x3 ; ; 0 1 0 0 
3 8,440,120 | 177,720 | 171,730] 475) 5,940] 594 | 7.5 =} 6 =} Ss*|s«180) «0 6 
4 5,328,295 | 144,305 | 227/020 | 605) 1,776] 254 | 3 aS 0l. 0) 20), 301 soap 
5 |344,105,855 | 8,892,655 | 8,051,230 |21,230 | 13,440 ret z} =O} Ss], 3,722] 3 | 26 
6 {293,956,295 | 7,944:915 | 7,174,915 |18930 | 18:372| 460 |14 Esl | imag] Pw) cms hese y 
7 | 50,149,560 | 947,740} 876,315 | 2,300| 5,217] 175 | 4 a} 60] «= }sO yl oy y 
8 186,705 0 0 0| 2.333] 466 | 0 Oj], Heol 08 5| 0 0 
9 6,118,695 | 150,345} 136,070] 355| 2,266] 113 | 2 asi) 01 Ol) 001 Sagan 16 
10 | 10,756,810 | 497.295 | 523,965 | 3,565| 5,380| 359 156 zl 0] o| on} 1951 6 7 
11 117,085 0 0 0| 1,950] 280 | 0 0 oO} ol 0 6| 0 0 
12 2,158,880 | 484,810} 848,755 | 2,275| 5,400] 540 |99 a} 0| «(O| (O 32] 10 0 
13 £49,870 105,210 444,060 1,320 1,840] 184 |94 0 o| 6 18| 13 0 
0 0 0 ‘Thoma! 0 
15 427,771,025 11,459,165 11,416,940 82,558 0,639 ; 11.6 a]. 0| 0] 0 | 6,070) 36 |. 65 
17 0 0 0 0 o| o|0 90 
18 0 0 0 0 o| o|0 40| 0 
19 0 0 0 0 o| o}o 45] 0 
20 0 0 0 0 0} 0] 0 | 12,930 | 2,329] 2,420] 15 12| 0 0 
a0 | a 0 04 0 0 o| o|o ; 33] 0 
22 0 0 0 0 o| 0|}0 16| 0 
23 0 0 0 0 o| of0 6| 0 
24 0 0 0 0 o| o}0 251] 0 
25 |427,771,025 11,459,165 |11,414,940 139,558 6,321] 37 


5 Acre-foot figures are of little significance in these fields, because of number of sands and doubtful net thickness. 
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Champagnolle.—The Short and Hayes No. 1 Taylor, NW. of NW. of 
SE., sec. 10-17S.-14W.., in the center of the Gregory sand producing area 
of the Champagnolle or Rainbow City field, discovered a new and deeper 
producing sand when it was completed Nov. 11, flowing 866 bbl. per day, 
from a sand at 3361 to 3366 ft. This has been named the “Taylor” sand, 
and is 60 or 70 ft. below the lower “Gregory” sand. By the end of 
the year five more wells had been completed in this sand or another lens, 
all between 3300 and 3362 ft. deep. There were also five dry holes 
completed, which practically limit the producing area of the new sand 
to about 400 acres, entirely under the older Gregory sand producing area. 
At Champagnolle, as in most of the other south Arkansas fields, produc- 
tion is localized by depositional conditions rather than structure, oil 
and gas being found in the upper edges of sand beds which either pinch 
out or grade into tighter formations. Therefore, any well drilled in or 
around this field may find good production at almost any depth. 

Other Fields—Until. November, when the Champagnolle drilling 
activity started, most of the drilling was in the Urbana and Garland City 
fields. The producing areas of these fields are not yet entirely defined, 


Tasty 1.—(Continued) 


: Oil Production ‘ 
Number of Oil and/or Pressure, Lb. per | Character of Oil Approx. 
Gas Wells / Average Depth, Ft. Lp End Sq. Ine Average during 1934 
At End of 1934 Number of Wells Average Gravity 
A.P.L. at 
at End of 3 
60° F. 4 
o 
i] ze: 
> Bottoms of | To Top of Initial ©! pacer 
q aE 80», | bo b> 2 Productive | Productive 7 q Ze i 
88| 25/88) S| Wells Zone Flowing | Pumping 5/8 Sm 
A\ie2| 30 go a3 1933]1934 A es 4 
2|a2| ea le8l ae lelee| = 
ie] BO |ao| am S\S|Es|_ a 
1| 15) 242) O| 242) 2,177 2,100- 0 242 L 0| 0 |39]/30) 32 | 1.0 
2,550-2,950 
2 0} 69) 0 69} 1,179 1,150 0 69 x 0] O {16/14} 15 | 2.7 A 
3 5} 64) 0 64) 2,180 2,170 0 64 L 0} O |21/17) 19 | 1.8 A 
4 g| 191] 0} 191] 2,110 1,500-2,100 0 191 £ 0| 0 |33|13| 28 |2.9-1.6) A, M 
5 | 98] 1,959) 0 | 1,959 0 1,959 |960-1,100} 0) 0 
6] 83) 1,341] 0 |1,341)  2,025- 2,000- 0 1,341 L 0| O |25)17) 20} 2.2 A 
2,475-2,610 | 2,450-2,600 
7| 15] 618] 0 | 618) 2,025-2,300 2,000-2,275 0 618 x 0} O |32/25| 26) 1.8 M 
8 0 0} 0 0 2,790 2,785 0 0 z 0} 0 }28]25) 27 y M 
9 2) 176] 0} 176) 2,120 2,100 0 176 L 0| 0 |38/28) 33} 1.0 M 
10 7| 64) 0 64|2,800-3,030-|2,780-3,000— 5 59 1,120 0} y® |37/18] 29 | 1.1 M 
3,215-3,350 | 3,200-3,340 
11 0 0} 60 0| 2,818 2,800 0 0 % 0| 0 132/28) 30] y M 
12 3i—23} 0 23| 3,560 2,700-3,550 0 23 % 0| O |20/16) 17) 2.1 A 
13 4| 14! 0 14| 2,935 2,925 0 14 z 0) O 33/27] 31) 1.2 M 
14 0 1| 0 1 1,369 1,356 0 1 0 0 17 A 
15 | 142] 2,803} 0 | 2,803 5 2,798 
16 0 1,553 1,125-2,010 315 140 
D7, 0 1,724 1,296-2,180 220-265 | 25 
18 0 2,054 1,310-2,175 220-260 | 40 
19 0 2,387 1,510-2,375 220-265 60 
20 0 0| 9 9| 2,838 1,061- 345-690- |100— 
2,275-3,066 1,275 | 950 
21 0 2,538 1,668-2,600 330-420 | 75 
22 0 2,972 2,900 270 | 260 
23 0 1,271 1,150 200 130 
24 0 
25 2,803 5 2,798 


2 ee SS a ee Sr 
@ New flowing wells in Taylor sand have some pressure. 
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although no large extensions are probable. The Stephens field was 
extended northwest into Nevada County by a small producer. 

A second deep test for the Smackover field is to be started early in 1935. 
This well will be drilled by the Gulf Refining Co. in the Louann area, in 
sec. 5-168.-16W., evidently with the intention of testing the west flank of 
the salt mass discovered by the previous deep test in sec. 4-168.-15W. 

Wildcats.—Miller, Lafayette and Union counties had most wildcat 
drilling, with respectively nine, eight and six completions of tests far 
enough from production to be called wildcats. A reported show of oil 
in a well in sec. 5-198.-28W., Miller County, near Bloomburg, Texas, led 
to the drilling of several other dry holes in the southwestern corner 
of Arkansas. 

The deepest test of the year was the Erwin et al. No. 2 Bodcaw 
- Lumber Co., in sec. 19-168.-23W., near Stamps, Lafayette County. 
Drilled to test a fault structure believed to be similar to the Rodessa 
gas field-in Louisiana, this well passed through the Glen Rose anhydrite 
at 3400 to 3631 ft. and was abandoned at a total depth of 5032 ft., still 
in the lower Trinity red beds. 

Although not spectacular, the results of development of the Champag- 
nolle, Garland City and Urbana fields have been profitable enough to 


TaBLe 1.—(Continued) 


Character of Gas ‘ 
Approx. Average Producing Rock 33 pig ier eo. 
during 1934 any 
Line j PES 
Ace ol co sel, (eis 
Tr 5 t “ ‘S ‘S sS 2 
eae * | Gasoline Name Age || 2S) & Is z Name SF 
Cu, Ft. | Per M A) |66| § }e8 23 
u Cu. Ft Sie ieG| £ [Bee Bs 
Sle las| w@ tacos an 
1 Nacatoch’ CreU S| Por} 20}. ANL | 157 | Trinit; 
2 Nacatoch CreU S|Por} 15| AF 25 | Trinity 3735 
3 Nacatoch® CreU S|Por] 10] TL 39 | Trinity 3,765 
4 Nacatoch, Buckrange | CreU $|Por| 15-7] NLf | 44 | Trinity 4,502 
359 j 
6 Nacatoch, Graves, Tokio | CreU S|Porj 40] As z | Pre 
7 Nacatoch, Meakin CreU 8|Por} 30] TLf x Trine ce Ere 
8 Buckrange CreU S|Por} 5| TT? 4 | Trinity 3,555 
9 Nacatoch — CreU S}Por] 20) ML 18 | Trinity 3,509 
10 Tokio, Trinity? CreU,CreL |S} Por| 15] NL 119 | Trinity 4.533 
11 Trinity CreL, S|Por} 7] ML 14 | Trinity 3/378 
12 Trinity CreL S|Por| 10| A? 31 | Trinity 4,501 
13 Trinity10 CreL S|Por| 10} ML 25 | Trinity 4'519 
4 Nacatoch CreU §|Por| 12 F? 1 | Trinity 2'500 
836 
16 893 0 Atcka Pen S| Por} 210 D 9 | At 
17 892 0 Atoka Pen S| Por} 150 A 1 Atoke 3178 
18 895 0 Atoka Pen S|Por} 66 A 2 | Atoka 3,002 
19 | 893 0 | Atoka Pen S|Por} 66) A 16 | Atoka 2,754 
20 | 895 0 | Atoka Pen S|Por} 28| A 5 | Atoka? 5,597 
21 | 803 0 | Atoka Pen S|Por} 30| A 8 | Atoka 3,077 
22 | 893 0 | Atoka Pen S|Por} 10] A 0 | Atoka 3,235 
23 | 803 0 | Atoka Pen S|Por| y|] A 2 | Atoka 2,380 
43 , 
25 879 


7 Also small production from Meakin and Tokio sands. 
nen Rie eae, cy ee i at 2,865. 
pooner includes Crain and Gregory sands in i ine divisi 
generally been called Trinity. cory san upper Cretaceous Tokio-Woodbine division, although they have 
10 Producing sand may be basal Woodbine. 
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Taste 2.—Summary of Drilling Operations in Arkansas 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to January 1, 1935 


Completed during 1934 


Drilling or 
Incomplete 
at End of 1934 
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1 Includes one short-lived producer outside of Garland City field, not counted in Table 1. 


2 Not listed in Table 1. 
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encourage wildcatting for similar small fields in the Tokio-Woodbine and 
Trinity red beds formations, and others probably will be opened aun 
time to time. Discoveries will be needed to prevent a continued decline 
in production, because during 1934 oil prices were high enough to keep 
all the older fields operating at the limit of their productive capacity. 
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Completed Prior to January 1, 1935 — Completed during 1934 
SS ne D ili or 
Dry and/or Near-dry Holes Dry aus Sere Incomplete 
at End of 1934 
PEO ae 
tive Total i) 
County Total Depths, Ft. Wells Depths, Ft ie 2 
Sc = 
Ei 3| 3 
: sisisisisisi "| 28 lelgigigigig| 182) 2 | 8 
2/8|$ sis ae [Sisisisisie t4/ a | z 
od) sia\zia se lzigsisicig) [ss] 2 | 3 
=/s\s (s/s és lsisisisisis EA; = | & 
=l|alea S\S/R =) 1D || |od | aD ay = <3} 
Polke. See Ma sree reat 1} 0] O} 0} 0] 0 1 0 | 0} 0} 0} O} O} O 0 0 0 0 
| oe: A, © EI Se 7| 3) 4! 3) 0] 0 17 32 | 0} 0} 0} 0] 0} 0 0 0 0 0 
Prairie... . 1; 6 1) 0/0) 0 10 0 | 0} 0} 0} O} OO 0 0 0 0 
Pulaski... 4; 1) 0} 0} 0} 0 9 0 | 0} 0} 0} O} O} O 0 0 0 0 
Randolph. 0} 0} O} 0} 0} O 1 0 | 0} 0} 0} O} OO 0 0 0 0 
St. Francis 0} 5) 3) 0] 0] 0 9 0 | 0} 0} 0} O} O} O 0 0 0 0 
Baliness\ovsactiware ciel cette oe 0; 2) 3) 0) oO} 0 6 0 | 0} 0} 0} O} OF 0 0 0 0 0 
Boobt ove. eit aeaade deka eee 7| 7) 0} 0} O| 0 14 3 | 0] 0} 0] 0] OO 0 0 0 0 
Searoy'scceei-ccotnaen pamettene 2} 1] O} 0} 0] 0 3 0 | 0} 0} 0} 0} O} 0 0 0 0 0 
Sebastian... 52.5 .ce conden Al (BL aLSt) eel eyOlire 27 112 | 0} 0} 0} 0} O| O 0 0 0 0 
Bevier....icecece cn cevecosceele Ah Dt SB" 701-01 O16 8 0 | 0} 0} 0} 0} O| O 0 0 0 0 
Uni0n... osc s ieee cme evs crns col 201 2018201200) BiOl tl Br7s 4289 | 0} 1) 6] 9} 1] O| 17 17 24 9 
Van Buren, . Oo} 2) 1) 10/010 4 0 | 0] 0] 0} O| OO 0 0 0 0 
Washington...c..c.c.0ceeeuse eel aie Zl Cll OF OL OO ll 0 | 0} 0} 0} 0} O} O 0 0 0 0 
WHOS isieve steer neta ell Ty Bl eae OOO 10 0 | 0} 0} 0} O] OO 0 0 0 0 
Woodruff. . 1) 4) 3) 0} 0] oO} 0 8 0 | 0} O} 2} O} O10 2 0 0 0 
GUD ainyansya yore cet ERR enc (ater 1) 5) 6) 2) 0] 110 15 0 | 0} 0} Oj} O} OF O 0 0 0 0 
Total aos coon eee 125/348]855/452/29) 2) 1) 1812 6332 | 1) 5/17/33) 2) 1) 59 | 374] 35 30 


8 Incomplete. 4 Oil 36, gas 1.. 
1 Trans. A.I.M.E. (1934) 107, 177. 


* Written for the Arkansas Geological Survey and privately printed by Parke- 
Harper Printing Co., Little Rock, Ark., 1935. 
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Developments in the California Oil Industry during the 
Year 1934 


By V. H. Wizgeim,* Memser A.I.M.E. 
(New York Meeting, February, 1935) 


Greater stabilization in the petroleum industry was effected during 
1934 through stricter compliance with curtailment measures and the 
establishment of the Pacific Coast Petroleum Agency. Various estimates 
of individual, company and state reserves revealed the fact that they 
were inadequate to sustain the present rate of production over a lengthy 
period, therefore drilling operations were increased during the year both 
in proved and wildcat territory. 
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Fig. 1.—PRODUCTION AND CONSUMPTION OF MOTOR FUEL (GASOLINE, NATURAL GAS- 
OLINE AND ENGINE DISTILLATE) FOR CALIFORNIA. 


This greater activity resulted in the addition to reserves at Mountain 
View, Mount Poso and Edison in Kern County, Santa Barbara in Santa 
Barbara County and Playa del Rey in Los Angeles County. Additional 
reserves were also established in the Long Beach and Santa Fe Springs 
fields, in Los Angeles County, due to operators being successful in 
isolating small prolific sand bodies, formerly disregarded during the flush 
production periods. 


Manuscript received at the office of the Institute Jan. 29, 1935. 
* Chief Petroleum Engineer, The Texas Company, Los Angeles, Calif. 
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However results as a whole increased accessible reserves at the expense 
of total reserves. Since 1928, withdrawals have been 500,000,000 bbl. 
greater than additions. At the present time withdrawals from accessible 
reserves are at the rate of 1 per cent a month from settled fields and as 
high as 2 per cent a month from flush fields. Withdrawals from storage 
and reserves during 1934 were approximately 200,000,000 bbl., which is 
an alarming rate, considering the small reserves of the state and dearth ~ 
of new discoveries. 

Even though completions were more numerous during the year than 
in any of the previous three years, additional reserves thereby created 
were inadequate to offset withdrawals from the reserves established prior 
to 1934. In certain instances deeper drilling and testing in proved 
fields indicated that the estimated reserves for these fields were much too 
high, this condition being especially true of the Inglewood, Dominguez 
and Montebello fields. 

With the approval of the Oil Administrator and the Department of 
Justice at Washington, the Pacific Coast Petroleum Agency was formed 
during the month of June. Signatories to the pact agreed not to pro- 
‘duce, buy or utilize any crude oil in excess of the amount prescribed by 
the Petroleum Administrator. The duty of the Agency is to purchase 
any and all gasoline that cannot be sold by refiners in the regular 
course of their business, thus relieving the market of former surpluses. 
The establishment of this Agency immediately effected a decided drop’ 
in excess production and during the next few months overproduction 
was ata minimum. However, toward the close of the year one signer of 
the agreement and certain of those who had not signed the pact began 
to ignore curtailment orders and excess production increased considerably. 


New D&vVELOPMENTS IN PRovEeD ARBAS 


Edison.—This field was discovered by L. C. Osborne, through the com- 
pletion of a 50-bbl. producer in November, 1931, at a depth of 1949ft. In 
January, 1934, A. L. Jergins deepened this discovery well and obtained 
120 bbl. per day of 14° gravity oil from a depth of 2300 ft. This recomple- 
tion started a leasing and drilling campaign, which defined the field with 
a probable proved area of 2000 acres and 60,000,000 bbl. reserve. 

Two zones, the Chanac and Temblor, were developed. The structure 
is a southwest-dipping monocline, producing very heavy oil updip at 
shallow depths. The Temblor zone is sealed on the east by a northwest- 
trending ridge. The Chanac (Lower Kern River) is sealed by over- 
lapping. The productive formations thicken to the southwest and edge 
wells downdip produce a 30° gravity oil from the Temblor. 

Inglewood.—A deep zone, known to be.productive but not completely 
explored, was recently opened by Pacific Western Oil Co. in the Inglewood 
field. This zone, known as the Rindge, was first discovered some years 


Line 
Num- 
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Field 
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Taste 1.—Oil and Gas Production in California 


Field, County 


Alamitos: Eos Angeles ss .osci.s.cjca-< ok warniee eas « = rere nisle oe 
Athens-Rosecrans, Los Angeles............000eseeeeeeees 
Brea-Olinda, Orange... ......--..2 22+: e2eeeeee cere eens 
Demlri@uen Os cANICles ne ede reas ete ncecieren eis arene 
Coyote Mast Oranges. cee err aes on snepea suntv Sate 


Huntington Beach, Orange............2. 00 cee ee eee een ee 
Inglewood, Los: Angeles... cc..c. 5020s ce. certcamerensios 
Mawndale, ‘Los Angeles. jececaic en oe em oc eee soles eye ajaiaiaisrajars 
Long Beach, Los Angeles... 1.00.00. css ccs c cece eee bie 
Los Angeles—Salt Lake, Los Angeles..........++++++++5+5 
Monthbello, Los Angeles....... E> anemia Raa — 
Playa Del Rey, Los Angeles 
Potrero, Los Angeles........ 
Ss er, ep ere 

anta Fe Springs, Los Angeles...........- a2 
Seal Beach Ts08 ATQCles stecieyajcte aictent = ayorsi~ sisisieieies esis eas 
Torrance-Redondo, Los Angeles..........eceeeereeeeeeee 
Whittier; Los Angeless, 252.1 «> </s.siajo,seseis ernie slain vies 3 0.5 
Capitan, Santa Barbara...........0.0-ceeecerecsceceoes 
Blwood ws antae Bor pandses se eese cutee voce tener ote 
MALO: UDO Soe eaietar=teicice ote lot or ataiejofnseiieee eisieiaiats iste-s)a;¢ arviels 
Moore Ranch, Santa Barbara..........2++2002eeee cere? re 
RINGOH Venti iber sien ee cteee a iicre oe ciaiee vie sre nisteisieie ens ase 
San Mipuelitio, Ventura: occ cscs. ene 38 semianiom ts icine 
Santa Barbara, Santa Barbara... ........+.0+-2eeeeeeee _ 
Santa Maria, Santa Barbara, San Luis Obispo............. 
Casmalia, Santa Barbara..........-2c0sceecscereeeesees 
Cat Canyon-Hast, Santa Barbara............0+-+eeeeeeee 
Cat Canyon-West, Santa Barbara.........0+0+eeeee cere 
Edna (Arroyo Grande), San Luis Obispo........---+---+-+ 
Huasna, San Luis Obispo........-0 0. eee cence tence eens 
Lompoc, Santa Barbara 
Orcutt, Santa Barbara. ........0.00ceeee cece e erect anes 
Summerland, Santa Barbard...........+--2++eet eee eeees 
WenburatAVERUC. grtne os as belece ohne tccisnicie view eis ciseis aie ae 
Ventura-Newhall, Ventura, Los Angeles..........-+++++++- 


Elsmere Canyon, Los Angeles os 
Hix-Misson, Venturd,.........00cccccce scence cece ceseees 
Hopper Canyon, Ventura. 
Modelo, Ventura....... 
Newhall, Ventura.......... Psy eeMErTeR Nees 
Pico Canyon, Los Angeles........ nae 
Sespe Canyon, Ventura...........-+++++ 

Shiells Canyon, Ventura............+0.055 

Simi Susanna, Ventura...........002eseeeee Lae 
GSisar Silvertbread, Venturad.........--.0seeeeeeeeneeeees 
South Mountain, Ventura.........--.seseeesereecannes 
Sulphur Mountain, Ventura 
Tapo-Bureka, Venturd.........-.0cceree te cre essence ees 
Temescal, Venturd...........-20-eseee eee 

Timber Canyon, Ventura.........0+0+0ceeceees eens eens 
Tiptop Fresno Canyon, Ventura 
Torrey Canyon, Venturd......6s0.- cee eee ee eee een ee eee 
Wiley, Los Angéles....... 0.02 cece escent ese n eee enenees 
Watsonville, San Mateo, Santa Barbara, Santa Clara....... 
Hala Moon Bay, San Mateo.........+++2+eeeeeeneeeeees 
Los Gatos, Santa Barbara..........+++++-+00ssveserecees 
Sargent, Santa Clard.......+...seee cess eee e eee eens 
Belridge, Kern.......22..seeceeee cece ees eree et eneneeee 
Belridge, North-Deep, Kern........-+-+.s0eeeeeeeseenee 
-Belridge, North-Shallow, Kern.........--++2seeeeeseeees 
Belridge, South, Kern.......--..0e cece cece ence ee eee eees 


Bruitvale, Kerns ccs. c..scecaceesve cee denecsn eee neeewes 
Kern Front, Keritc... os sae ses ses ccn sci ened erucesa 
Kern River, Kern.......0.-ceeecetectcerecece ; 
Kettleman Middle, Kings.........0+:eeeeeeeeeeeeeeeeee 


Bardsdale, Venturd..cciccscce cece scserenrserevescreres 
Conejo, Ventura. +... .0-.ceere cers as tale cee rcnser cies siet ; 


Coyote WoestsOnrangel ccs sete ccice eis toe ate Pantene Saye 29 


138 


200 
1,620 


50 


1,130 
1,187 
270 


y 
2,780 
120 
4,685 


a Footnotes to column headings and explanation of symbols are on page 249. 
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Oil 
and Gas Total 
Gas@ 
110 110 
310 310 
1,410 1,410 
665 665 
785 785 
930 930 
1,845 1,845 
865 865 
13 
1,305 1,305 
990 990 
1,078 1,078 
320 320 
113 113 
1,278 1,278 
1,138 1,138 
330 330 
3,835 3,835 
575 575 
200 
400 400 
1,620 
Gas y 
350 350 
300 300 
50 
10,687 10,687 
1,130 
\ 1,187 
270 
y 
2,780 
4,620 4,620 
120 
1,760 1,760 
4,685 
3,720 3,720 
1,030 1,030 
1,520 1,520 
5,320 5,320 
9,110 
220 
3,000 3,000 
9,850 9,850 
1,220 
3,050 
6,973 
1,280 1,280 
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ago by the Associated Oil Co. Eight wells have been completed during 
1934 in the Rindge zone with initials ranging from 300 to 2100 bbl. per 
day. The Pacific Western Oil Co. also discovered a zone below the 
Rindge, which includes formations between 3300 and 5000 ft. on top of 
the structure. Their Rubel No. 17 well was completed in this zone for an 
initial of 2000 bbl. per day of 32° gravity clean oil. Developments in 
both the Rindge and Rubel zones indicate that their extensiveness will 
not be as great as expected and certainly will not be as extensive as the 
upper Machado-Vickers zone. 

Kettleman Hills North Dome.—Because of pressure decline over the 
entire structure by withdrawals of oil and gas mostly from the north 
plunge of this field, and the necessity for defining the productive limits 
of the field for the purpose ‘of determining the final participation acre- 
age in the unit plan of development, increased drilling was experienced 
during 1934. Classification of acreage as of Jan. 31, 1934 showed 16,370 
acres inside of the purple line, or a decrease of 1240 acres from the brown 
line of the previous year.* 

Deeper drilling has indicated that on top of the structure the thick- 
ness of the productive horizon is at least 2000 ft., although the deeper 
sands will not be as prolific as upper formations. Completions in the 
‘“‘gas-cap’’ area on top of the structure have been very small compared 
to the large potentials obtained in the ‘‘black-oil”’ area on the edges of 
the structure. 

The productive area on the south end of the field will be very narrow 
and completions will be small compared to the wells drilled on the 
north plunge. 


TABLE 1.—(Continued) 


Ace, 
Line | Field Years ee oe 
Num- | Num- Field, County to Oil 
ber ber End Oil and Gas Total 
of 1934 Gas¢ 

Vora Kettleman-North, Kings, Fresno ...........0.ceeeeeesees 614 16,37 ; 

76 | 43 Loatihills, JK ervire. cceceemtecais,Sereereinnen eich eon tse 2,310 % a0 
TT \4d> Ht MeRittel dk, Rarn:.c a etenahs 9 cnces tonunnantente a 37 | 1,710 1,710 
78 | 45 Midway-Marioopa, ‘Ketniisctias's as «cst v starardlentew We psibe tec 33146 48,600 48,600 
79 | 46 Mountain View, Kern::. .detsdecs shuns avicenscemn cement 144 1,600 1,600 
80 | 47 Mount. Pogo, Kern, caste cieceeem tele ieee cee aes 8i12| 1,360 1,360 
81 | 48 Premier, Kern. cr sn0 00 tte meni ist Gece eiod 8 750 "750 
82 | 49 Round Mountain, Kenn, staenoceeiio seen eater eentte 4 901 901 
83 | 50 Wheeler Ridge, Kern............ 320 320 
84 | 51 Buttonwillow, Kern.............. 5 750 750 
85 | 52 Tulare Lake, Kern.... 1,900 1,900 
86. || 44-4 «}' Devils Denn; ‘Keri. sicccc. te mete elses aerate cin ew ren ‘ : y 
BF g|) 45-4. || MoVants a. cic.0s st euaetiece tare eel tee tee meee ne y 
839.1) 46-3, \ Pyramid Sailip 3... idee eaten veers neice ie a ee y 
89 TerraBella, Pulare.: v2. nth. crane ne omt aa cee te 416 y 
90 Total, Caltfornta, . 25 ca Bitctndneh mene: 


* Footnotes to column headings and explanation of symbols are on page 249. 


* The significance of the colors is: blue line, maximum area of participation; red 
line, irreducible minimum area; brown line, limit of productive acreage as determined 
by Engineering Committee, February, 1933; purple line, ditto, February, 1934; 
Orange line, ditto, April, 1935. 
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Total Oil Production, Bbl. 


Average Oil 
Production, Bbl. 


Total Gas Production 
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a @: r Millions Cu. Ft. eaF 
ak ine} eg 
q ToEnd of | During | During | 8S |) |e eee £5 
B| 1934 1933 1934 |» | By pox iteen ; _ | ges 
pes | 283 |\25Seae To End of | During | During Aes 
2 eS | vee lseulsae 1934 1933 | 1934 | 2738 
a Q Sas ae leap a sas 
>| 20 375,058 | 1 Se aeT 1 igre? rors | 04 j ; 
375, ,080, 037,81 2973 | 94,758 \b4 : 
3 | 1507586,027| 2,964,674 | 3,744,538 | 10,652 | 106,799 60°359 3478 3645} 11 400 
4| 69,843,912 | 6,626,605 | 6,655,465 | 18,217 | 105,028 105.815 | 10,940 | 11,148) 35,000 
5 | 74,309,954 | 579,853 907,334 | 2,636} 94,662 34,834 |) 9 ; ; 
6 |  65:217,543 | 3,118,519 | 3,236,702 | 8,851) 70,126 2,447.4) ¢ 3,298] 7.720 
7 | 217,662,713 | 13,091,926 | 15,106,268 | 39,239 | 117,974 202,518 | 12,333 | 26,281| 86,850 
3 | — 92,055,649 | 4,059,973 | 3,376,586 | 9,525 | 106,423 72,081 | 1,077 | 1,461| 5,170 
9 365,120 79,460 640 127 | 28,086 988 185 138) 330 
10 | 525,245,147 | 24,798,242 | 23,067,025 | 60,790 | 402,487 743,060 | 27,314 | 20,730] 62,800 
11| 64,557,151 313,810 289,154 809 | 65,209 ; 
12 95,037,855 | 1,933,121 1,980,942 5,734 | 88,161 21,012 319 313] 1,180 
13 | 27,662,059 | 4,059,240 | 3,187,773 | 9,476 | 96,444 25,768 | 4,887 | 2,403) 9,230 
14 1,915,309 141,791 150,084 430 | 16,950 1,846 31 
15| 74,716,340| 2,467,913 | 2,925,001 | 8,145 | 58,463 67,896 | 3,060 | 2,553] 7,500 
16 | 385,619,474 | 18,271,807 | 14,722,264 | 38,860 | 338,857 606,089 | 18,659 | 13,520) 40,600 
17 | 68,805,470 | 3,158,521 | 2,721,951 | 6,270 | 156,376 76.856 | 3,294 | 3,570| 12,680 
1g | 77,714,433 | 2/362,719 | 2,525,990 | 6,874 | 20,265 56,351. | 1,343 | 1,271; 3,720 
19 | 16,266,606] 404,128 393,476 | 1,123 | 28,290 366 23 
20 303,400 24,621 194/414 616 | 1,517 
a1 401961, 632, 4,918,488 ee 9,920 | 124,919 42,820 | 2,478 | 1,392| 5,520 
23 Gas 5,034 1,505 
24 5,843,813 680,471 540,886 | 1,528 | 16,697 6,009 522 430| 1,320 
25 935,698 390,559 268,643 618 | 3,119 
26 1,138,616 249,426 598,165 | 4,329 | 24,772 
97 | 131,580,922 | 1,254,818 | 1,806,106 | 4,939) 12,312 28,905 | 1,612 | 1,814] 5,200 
98 x y (73,746) (96) 20 20 
29 z 
30 z y | (113,186) | (274) ke ee: eae 
31 « y (37,339) (108) 
32 « y y y 
33 x y (44,550) | (218) 
34 z y | (1,470,783) | (41,200) 
35 3,096,480 31,434 20,039 44] 25,804 
36 | 152,244008 | 12,576,208 | 9,882,614 | 24,372) 86,502 562,308—| 38,963 | 39,507] 123,000 
37| 52.497,211| 1,199,997 | 1,400,039 | 3,970 | 11,205 y | 1,868 y y 
38 t y (16,751) (44) 
39 £ 
40 x 
41 L y (14,398) (35) 
42 x y (40,235) | (111) 
43 x y y y 
44 x y (61,514) (165) 
45 x y (23,650) (65) 
46 x y (93,819) (220) 
47 Z y | (141,005) | (397) 
48 x y (40,887) (115) 
49 x y (57,443) (133) 
50 z y yee a 42,466 y 2,464 7,120 
51 x y 1439) 1 
52 ip y (12,762) (53) 
53 £ y (53,010) (166) 
54 2 y | (19,233)] (51) 
55 “a y (6,306) (16) 
BG z y (54,590) | (154) 
37 Zz y (7,151) | (18) 
58 89,518 21,999 21,900 60 
59 x 
60 x 
61 z ‘ 2 
62 (2,867,079) 33,644 | 5,806 | 5,217) 16,400 
63 8,005,601 | 1,967,000 | 2,170,601 | 5,327 | 2,152 : 
4| 15,835,605 900,079 22,171 10 | 15,835 
65] 19,054,864 4403512 | 734,804 1 13 12,536 
i : ’ ’ = ’ © “4 9 » 
66 | } 333,206,027 ya5r080 | 615 {62,650 1,014 | {266 43 
68 | With Round | With Round 613,475 | 1,389 
Mountain Mountain 


1 With Seal_Beach. 


bs ; << 


2962 DEVELOPMENTS IN CALIFORNIA OIL INDUSTRY DURING YEAR 1934 ~ 


Developments to date tend to decrease early estimates of reserves in 
this field. : 

Lost Hills.—Associated Oil Co. suspended its deep test in this field 
at a depth of 7858 ft. without favorable results. The well was drilled on 
the east flank of the structure because of supposed asymmetry of the axis” 
to the east. Results obtained indicate that the structure is a tightly 
compressed fold, with slight asymmetry to the west. Without doubt 
further drilling will be commenced during 1935, to discover the Wagon 
Wheel zone (Eocene), which is so prolific in the neighboring North Bel- 
ridge field. ; 

Long Beach.—Drilling activity at Long Beach continued at its usual 
high rate. Very favorable completions were obtained because of better 
knowledge of underground conditions, electrical coring, formation testing, 
directed drilling and isolating small saturated sand bodies, which were 
not drained by the great penetrations of wells drilled in earlier days. 

Montebello— Owing to the discovery of a deep Miocene zone by the 
Universal Oil Co. in this field during 1933, there was considerable drilling 
activity during 1934. Results obtained indicate that the Miocene 
structure is unconformable to the Pliocene structure and probably will 
extend eastward from the east edge of the old field. Of 14 wells started 
for the new zone, only three obtained small production from the Miocene. 
Further drilling is contemplated in order to define the limits of the 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. ee Total Gas Production 
A Millions Cu. Ft. ca 
¥ | ne | BE z | #s ES 
g| To End of During During o7 ss a ERS £5 
5 1934 1933 1934 = 20. |goxnleen : _ | iss 
is bt £83 \S28le2S To End of | During | During a> 
2, BES | SRS esx gS] 1934 1933 | 1934 | ‘Rida 
0 131 403700 4,487,078 | 3 RTT esp 
,963, 487, 345,772 | 7,889 | 13,397 82,02 
7 7,115,317] 1,672,805 | 1,342,724 | 3,744 | 5,892 pe yale 
72 |  30,434'866 | 2/340,103 | 2,434'866 | 6.728| 9,979 
73 265,802,413 869,907 | 1,269,581 | 3,820] 38,119 
/ 151,979 127,998 625 927 7,092 | 3,270 2 
75 | 90,592,663 | 21,472,041 | 21,265,884 | 58,403 | 5,534 749,018 | 104,426 118°799 350500 
76 | 32,382,803 338,794 | 1,463,453 | 4.561) 14019 With ‘ 1,400 
m7 783,568,030 . 651,361 1,105,618 | 3,012 | 48,870 tae 
34,571,5 41,812 | 19,712,566 | 51,946 | 15,732 278,599 | 16,8 

79 2'842,358 233,341 | 2,609,017 | 11.676) 1.776 1,810 j 30 1730 e100 
80 | 18,258,490 | 3,050,826 | 3,486,217 | 10,235 | 13,425 Ql ; 
81 (62,136) (62,136) | (250) 82 E 
82 5,573,196 | 1,118,013 | 1,194,847 | 3,580| 4,972 

83 8,067,242 168,918 156,204 419 | 9,585 

84 Gas 4,065 18.6 

85 Gas 

86 + y (2,927) 

87 x y (9,034) (12) “| 2 

88 r y (4/845) a) x 

89 x at i y y y y 

90 | 4,247,444,112 | 173,088,319 | 175,508,566 | 477,846 3,977,210 | 270,472 | 281,458] 871,623 
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Character of Oil 
Number of Oil and/or Gas Wells pee. 5 oar puree 
uring 193: 
Lin 4 f Gravity 
N ae During 1934 At End of 1934 APL at 60° F. 
ber 
| Sound 
nd 0} be © © 
t3 J 
ae | S| B | EE | we le | ee] el as | SE | 2] gl gs 
a 3 Ba 38 Sa gO 23 BS a a8 23 
a | 2 | #8 | 32 |e58| sa |gee| 222/88 2 | 2 [38 
a | 2 | §2 | 85 |Ess| 2S | SSh| Sh | cts | 82 
5 = |e A |e a |e a a = | a |e 
1 1 1 4 53 571--5,700 | 4,610 30 23 26) = 
2 204 3 18 70 88| 5,150 | 3,700 y y 40 
33 622 2 2 52 352 404| 2,821 1,200 31 16 26 
4 167 27 62 71 133| 4,410 | 3,750 43 26 || 27 
5 “384 3 LW 76 93| 3,615 2,450 28 18 21 
2,900 S 
6 4,000 
9 a 104 25 129] 4,191 2,800 
3,300 28 18 21 
4,200 : 
7 1,095 98 { 15 154 469 623 ets 1,900 27 ll 23 
8 286 8 ik 40 206 246) 2,490 1,100 29 13 20 
9 7 : 2 0 6 6| 5,850 5,750 31 22 31 
10 1,942 83 12 156 1,091 1,247} 5,575 2,300 31 17 25 
11 1,617 39 30 126 156} 1,083 y 22 12 15 
12 046 9 2 41 160 201) 3,219 1,800 30 17 23 
13 246 6 if 27 160 187} 5,086 | 3,500 
5,500 26 20 24 
14 33 2 12 12} 5,730 3,700 45 34 38 
15 399 6 36 249 285| 4,149 2,200 30 14 21 
16 1,020 16 17 186 492 678| 5,480 | 3,300 36 27 32 
17 233 il 1 25 57 82| 5,396 | 4,300 30 23 26 
3,500 
3,100 
18 880 6 40 474 514] 3,682 2,700 27 11 19 
19 290 13 159 172| 2,082 250 24 13 20 
20 16 5 2 13 15 43 19 y 
21 84 9 1 14 51 65| 3,368 ee aa 30 y 
22 y y 2 2| 2,887 y 17 14 15 
23 y y 
24 46 1 6 30 36) 3,635 2,900 29 25 y 
25 4 iu 0 3 3] 7,597 6,470 28 22 y 
26 61 39 4 0 52 52| 1,300 2,036 y y 19 
2,700 
27 522 5 5 235 187 422) 3,250 y 25 10 y 
28 y y y 1,900 y y y y 
29 y y y 3,200 y y y y 
30 y y y 2,950 y y y 14 
31 y y y 1,148 y y y 14 
32 y y y 1,500 y y y y 
33 y y y 2,663 y y y 19 
34 | See Santa Maria 3,250 1,200 y y 17 
35 323 1 1 17 18} 1,088 y 19 12 y 
36 340 12 6 94 178 272) 6,450 y 30 24 y 
37 1,282 7 15 245 464 709 40 12 7] 
38 923 y y y 
39 100 y y y 
40 719 y y y 
41 1,312 y y y 
42 1,365 y y 12 
43 2,050 y y y 
44 1,233 y y 40 
45 1,612 y y y 
a 1,170 y y y 
47 602 
2,700 
48 1,200 y y y 
49 1,200 y y y 
50 3,345 y y 16 
51 2,500 y y y 
52 969 y y y 
53 2,211 y y y 
54 2,384 y y y 
55 740 y y y 


1 With Seal Beach. 
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Miocene production and it is expected that some favorable completions 


will be obtained. 

Mountain View—The greatest drilling activity in California was 
centered in this field during 1934. Plans of Orderly Development were 
approved by the Secretary of the Interior, with a well-spacing program 
of one to each 10 acres. This field, which is a complicated faulted 
monocline, was extended a considerable distance to the northwest, and 
drilling activity in the northwest portion of the field added approximately 
500 proved acres. The oil is produced wholly by force of water, the gas- 
oil ratios being practically constant at all rates of flow. The present 
proved area comprises approximately 1600 acres, with an estimated total 
reserve of 45,000,000 bbl. The field at present is about 5 miles long and 
1g mile wide, and developments indicate that it will be extended both 


TaBLE 1.—(Continued) 


Character of Oil 


‘ R Average 
Number of Oil and/or Gas Wells Approx. Average 
Depth, Ft. * during 1934 
‘ 5 Gravi 
saat During 1934 At End of 1934 APD at is F. 
be! 
: Cente? 
to End o ba © © 
mE wl Ss 
wea) BE ae | ge se | BE] ae] a_.| Se | 2) eee 
a us} Se Efe) 3 8 2 3° sa g 34 5. 3 = 
z | Bg | 3° afe| s3a|Gee9| 2 | € | 33 
5 | 2 | dé | BS |E8s| 25|S8£| Sk] e£S| 2 | € | Se 
So | = |e hae Chal tas ee ce RE A 
56 1,363 y y y 
57 968 y 7] y 
58 27 0 cf 7 17 10 y 
59 1,200 y y y 
60 1,200 7 y y 
61 1,500 y y y 
62 y y y 
63 f 820 4 1 5,457 4,900 y y y 
és ; 13 23 36 ae 8,000 
,000 y 
65 123 140 263 892 y H 7 
66 1,901 1 } id 279 332 611] 2,087 y y y 
of eee Ls 742| 1,614 y y y 
a 30| 1,662 17 16 16 
69 1 il 1 0 14 14] 2,750 16 
70 368 1 124 168 292] 3,026 38 1 y 
71 81 8 4 11 67 78| 3,956 22 15 y 
72 With 5 42 281 323] 2,195 16 12 y 
Kern River 
73 8,148 7 1,070 1,104 2,174 767 16 12 14 
74 2 1 0 2 2} 7,900 y y 57 
o had 41 : Si 104} 8,240 6,070 64 33 z 
Belride 380} 1,430 27 14 ze 
77 548 2 2 126 184 310; 1,177 15 1 
78 4,306 11 26 1,005 2,478 3,483 | 2,004 7] 28 it s 
79 58 49 ; 0 50 50] 5,898 5,810 34 24 28 
80 197 44 2 18 152 170) 1,703 y 16 15 15 
et y uv 3] 4 2,769 y 
a 68 3 20 19 39} 1,921 y 17 16 16 
38 0 34 34] 2,716 y 23 22 22 
84 20 2,750 y 
- 3 1 1,200 y 
o y y y y UA y} 1,330 y y y 18 
a y y y y y| oy y| 1,192 y 
50 y 7] y y y y y y y 
: pe aay y Mo y| oy y| 925 y 
90 24,058 453 200 4,654 11,402 16,056 
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= 
. & | Deepest Zone Tested 
Producing Rock BS to End of 1934 
, ie as Ede oe Bat 
Line 2, A Be erty Ot 
Number s & 4g 3 SZ6 Reserves 
‘ 2 "Ad 43 ‘truc- Be Depth of | Jan., 
Bee? a gq g S g a ture? oe ams Hole, Ft. wg 
a le ieee 5 at 
1 Pico Pili SH 2,300 AF 
2 ee Pi SH an 
‘ico i 1,200 A 7,591 
3 | Puente Mio | SH 2,500 | AF 8,201 41'200 
4 Pico Pli SH 2,000 A 8,992 63,500 
5 Pico Pli SH 800 A 9,084 13,593 
: Puce i ea : 
ico i 2,000 A 8,144 
. eens oe oa ie 
‘ico i 1,500 MF 9,054 
8 an ai SH A cok 
ico i 2,000 F Rubel 5,025 
9 Puente Mio | SH 700 Sand pee 
10 ix Pili SH 5,600 wi : 
1¢0 1 f 9,28 i 
Puente Mio z ee 
su Pico Pli SH 2,000 AF 1,700 
Puente Mio j 
12 Pico Pli SH 2,500 AF Cruz 8,265 23,800 
Puente Mio 
‘ 13 ico Pli SH 1,200 A 6,778 25,000 
Puente Mio 
14 Pico Pli SH 400 AF 1,270 
15 Pico Pli SH 1,500 A 5,933 17,000 
Puente Mio 
16 Pico Pli SH 3,200 A 9,610 70,000 
Puente Mio 
17 Pico Pli SH 2,000 AF 7,969 26,500 
Puente Mio 
18 Pico Pli §H 400 A 5,938 12,500 
Puente Mio 
19 Pico Pli SH 3,000 MF 5,040 2,100 
20 Vaqueros Mio 
Sespe Olig SH A 4,071 11,800 
21 Vaqueros Mio SH AF 52,000 
Sespe Olig 
22 Monterey Mio SH Broken 2,510 32,000 
a shale 
23 Vaqueros Mio SH AF 6,912 
24 Pico Pli SH AF 7,449 4,950 
25 Pico Pli SH AF 10,030 29,731 
26 Vaqueros Mio SH MF 3,630 5,400 
27 46,200 
28 y Mio SH A 
29 y Pli SH A 
30 y Pili SH A 7,199 
31 y Mio SH 8 
32 y Mio SH ) 
33 y Mio AF 
34 y Mio SH AF 5,815 
35 Fernando Pli SH AF 5,041 330 
Vaqueros Mio 
36 Pico Pli SH D 9,710 145,100 
37 y y y y 16,600 
38 Sespe Olig A 
39 Vaqueros Mio T 
Fernando Pli 
40 Vaqueros Mio A 
41 7] y y y 
42 Monterey Mio 5 
Vaqueros 
43 Monterey Mio A 
Vaqueros 
44 y y y 
45 y Mio A 
46 
47 Sespe Olig A Eoc 5,425 
48 Sespe Olig 
49 Monterey Mio AF 
Sespe Olig 
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southeasterly and northwesterly and that there may be lateral exten- 
sions also. 

North Belridge.—Since the approval of the Orderly Plan of Develop-. 
ment for the Wagon Wheel zone by the Secretary of the Interior, drilling 
of this zone has proceeded in a very gradual manner. One well was 
completed during the year and another encountered edge water and is 
being plugged back. Reserves of both oil and gas are second only to 
Kettleman Hills. Developments indicate that the gas cap covers a 


TaBLE 1.—(Continued) 


x 
: 8 Zone Tested 
Producing Rock is eed of 1034 
& ye Estimated 
Line r ea BES Gross Oil 
wae eee ae ,| Boones 
a ie hm = 
Name | Ase] 3 | B | ESR | Seve | Se] Name | anne] om 
g B a 3 a E = = 
Siete (lees a 
50 Sespe Olig A 
51 Montery Mio A 
52 Meganos Eoc A 
Vaqueros Mio 
53 Vaqueros Mio A 
54 Vaqueros Mio 
55 Montery Mio 
Sespe Olig 
56 A 
57 y Mio A 
58 353 
59 
60 
61 y Mio MF 
62 
63 Temblor Mio | SH A 212,808 
Wagon Wheel Eoc 
64 Etchegoin Pili SH A 
65 Etchegoin re SH A Mio 11,377 7,265 
io 
66 Temblor Mio SH A 63,405 
67 Jacilotos CreU 
Temblor Mio SH MUP 
Santa Margarita Mio 
68 Vaqueros Mio SH FM 7,387 
69 Chanac / Pli SH M Lower Zone 3,200 59,866 
Santa Margarita Mio 
Temblor 
70 Etchegoin Pili SH 300 A 211,654 
Kern River 
71 Etchegoin Pli SH 500 MF 33,657 
72 Etchegoin Pli SH 275 MF 33,566 
73 Kern River Pli SH 450 MF 5,135 16,370 
74 Temblor Mio SH 300 A 9,332 39,850 
75 Temblor Mio SH 1,100 A 10,944 900,000 
76 Etchegoin Pli SH 300 A 7,858 11,537 
77 Etchegoin Pli SH 200 AF 6,664 8,095 
78 Btchegoin Pit : - 
Santa Margarita io 2,000 MC 
Maricopa Mio SH mies wens 
79 ye re! - _ 
Santa Margarita io H 260 MF 
80 Vaqueros Mio | SH 280 MF 3130 45000 a 
81 | Etchegoin Pi | SH MF , 14,800 
82 | Vaqueros Mio | SH 480 | MF 3,763 38,805 
83 Maricopa Mio SH 600 A 7,154 55d 
84 ee 
Atchegoin Pli SS 100 D 
85 Tulare Mio § 150 H rest 
- Kreyenhagen Olig 8 y y ; 
88 
89 
90 : 2,899,649 
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very considerable area, and that, as at Kettleman Hills, wells with low 
gas-oil ratio can be obtained only by drilling on edge properties. Develop- 
ments at Kettleman Hills indicate that the great recoveries per acre 
obtained in the water-drive fields of the Los Angeles Basin and on the 
east side of the San Joaquin Valley will not be obtained in large fields 
of the state that have gas caps. 

Playa del Rey—The completion of a well by Charles W. Fourl at a 
5000-bbl.-per-day rate of 24° gravity clean oil from below 6500 ft. 
extended this field approximately 14 mile easterly and caused a brisk 
leasing campaign. The magnitude of this producer was extremely 
surprising, as wells along the easterly plunge of this field have never 
exceeded a 1000-bbl.-per-day initial rate. The prolific nature of the 
zone is accounted for by the thickening of the conglomerate beds in all 
directions away from the schist high, beneath the apex of the fold, and 

- as the Fourl well is about a mile from this high it could include the extra 
thickness of productive horizon prevalent at its location. Approximately 
10,000,000 bbl. of new reserves was added to this field through the 
proving of about 300 additional acres by the aforementioned completion. 

Santa Barbara.—Approximately 50 new wells were drilled to comple- 
tion in the newly discovered prolific area of this field during 1934, and, 
although the area appears badly faulted, initials ranged in some instances 
between 800 and 2000 bbl. per day. Production is obtained from the 
Vaqueros formations around 2000 ft. Although wells decline rapidly, 
the small cost of their drilling makes them profitable ventures. There 
is a probability that the Sespe may also be productive, in which case the 
field will enjoy a much longer life than it has been allotted. During 1934 
this field produced around 600,000 bbl. of oil, which is more than was 
produced during the five years since discovery in 1929. 

South Belridge——The General Petroleum Corporation established a 
record feat in drilling its Berry No. 1 well to a depth of 11,377 ft. This 
well obtained negative results because it was unfavorably located, which 
was discovered too late for correction. This field is still considered a 
good prospect for deep zone production. 

Progress in Orderly Plans of Development.—Inasmuch as all newly 
discovered fields and pools in California are not apportioned allotments 
until a plan of orderly development has been approved by the Secretary 
of the Interior, many meetings were held during 1934 for the purpose of 
formulating these plans. By the end of the year 19 plans had received 
the approval of the Secretary, of which 13 were approved in 1934. All 
of the plans are terminable at the expiration of the Code of Fair Competi- 
tion in June, 1935, but may be continued in force at the discretion of a 
majority of the operators controlling production in their respective pools 
or fields. 
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Geophysical Prospecting and Results Obtained.—Geophysical prospect- 
ing was given a tremendous impetus during 1934, even to the extent of 
endeavoring to determine true conditions of proved structures. Three 
gas fields were discovered as a direct result of seismograph reflection 
shooting, one at Chowchilla, in the western portion of the San Joaquin 
Valley, by the Pure Oil Co., one at Buena Vista Lake by the Ohio Oil Co. 
and the third by the Trico Oil Co. at Tulare Lake. The extent of these 
discoveries is as yet unknown but is interesting because they are the first 
successful results obtained from geophysical methods of prospecting in 
California. The Pure Oil Co. discovery well was completed from below 
8000 ft. for 20,000,000 cu. ft. of gas per day and constitutes the first 
commercial gas production obtained from the Cretaceous beds in Cali- 
fornia. No oil discoveries were made in 1934 through drilling on struc- 
tures located by geophysical prospecting, although numerous wildcats 
were started and many were engaged in drilling on these structures toward 
the close of the year. 


CONCLUSION 


There is every indication that California will receive a larger oil 
allotment during the year 1935. Allotments to date have been on the 
basis of gasoline demand, but under this system fuel-oil stocks were 
drawn on during the year at the approximate rate of 70,000 bbl. per day. 
To eliminate withdrawals from storage, it will be necessary to cut curtail- 
ment on heavy-oil production to a minimum. During 1934, stocks of 
refinable crude as well as motor fuel showed a slight increase. 

Because there have not been any major discoveries of new fields in 
California over a long period, or since the discovery of Kettleman Hills in 
1929, withdrawals have exceeded additions to reserves; therefore greater 
drilling activity and a possible price increase in crude is anticipated 
during 1935. 


Oil and Gas Development in Colorado in 1934 
By C. E. SHornrett,* Memper A.I.M.E. 


OpERATIONS in Colorado oil fields in 1934 were not quite so extensive 
as in 1933, but much better results were obtained and one new oil field 
was discovered. In all, 26 wells were drilled, of which 9 were oil wells, 
1 was a gas well, and 16 were dry holes. New oil production totaled 
10,220 bbl. and new gas production totaled 33,714,000 cu. ft. This 
compares with new oil production in 1933 of 1238 bbl. and new gas 
production of 14,307,000 cu. ft. Dry holes in 1933 totaled 29 as com- 
pared with 16 in 1934. 

Oil was discovered in the Hiawatha gas field, Moffat County, in 1934 
in the Mountain Fuel Supply Company’s No. 4B Wilson, C. NE. NW. of 
sec. 23, 12N.,100W. This well was completed in a sand in the Wasatch 
(Tertiary) at 2304 to 2387 ft., after plugging back from 3797 ft. It 
made 20 bbl. of oil initially. 

No. 4B Wilson is the first well in the Rocky Mountain region to dis- 
cover oil in commercial amounts in rocks younger than Cretaceous, and 
while it is not expected that Hiawatha will develop into an oil field of 
important proportions, eventually it may produce a considerable amount 
of oil as the gas pressure declines. 

The Hiawatha gas field was discovered in 1926, on one of six structures 
in what is known as the Vermillion Creek gas area. It is a northeast- 


TaBLE 1.—Oil and Gas Production in Colorado 


Li Age Area Proved, Acres 
ine , 
Hat Field, County are 
es of 1934 | Oil | Gas | Total 
1 Berthoud Larimer oe + ync-aa: Paemtasete dinrinecs qeaetnins ein sleele ere iiee EP 8 es 5 510 510 
Gilstad SATII a oe De AON Ot a Ca Ca Sa a al 32 400 400 
3 Florence-Canon City, Fremont. ..cccv.-- sess eect e cst reeset ene c rece eese nee: 73 9,000 9,000 
AGe\ Wie @Ollins) DREMLIEN. se cies « =). detatelaieie «ale se air ni ele ins piste FGIGE «eS Ss 11 400 400 
5 Goa oLaMUs ATRIOS ous «ona. Pe Nelarartate acorn gis acteraiece ti esel> hab ats Sane as 8 640 640 
Geel -Gressewood: Weldarrt. jo coitmaaaieitn: woaicins ails serene ney Sige sie gee: 4 200 200 
7 Hamilton (Mofiat), Moffat... si encuven-nse ace sere cine ietee ne se 11 400 400 
SMEMINEDA Span UA Lo abs. Siteray <r reer cae cheatin iste es Dei a a 3,180 | 3,180 
9 | Iles, Moffat..........------ PS. a sak atsoot Honcemn none esi 0b 10 600 600 
10 Mancos Creek, Montezuma... 020.0201 ceses denne ree eree cn nr serene ssree ees: 40 2 40 
11 Nipdeltliag Aniinads My cathicreeaeier on mandeeta ter glsror aden e Neoa area 6 2,000 2,000 
pawn || RanpelygpRrouBlancG. cy cogs cyseeinaem n= «ceteris eS 2 15 320 320 
13 Fis (CG ROUT ei aaa 2 ao Dameaseaea ais s-(enisnk Salerece sien at aie tse ls 10 200 200 
fee Walden lachson...}. Seis -isactingn asics le teh Gar eal ee Erie: pu" + 4 ae : a 
18 gioe i’ ee Tas 9 Seek REIN ie, Ae Bod Ae a 13,390| 5,820 | 19,210 


Manuscript received at the office of the Institute April 29, 1935. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
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southwest structure with 235 ft. of local closure and embraces 4400 acres 
above the lowest closing contour. The Wasatch formation outcrops, 
and it is in this same formation that the several gas-bearing sands are 
found. The crest of the dome is practically unfaulted, but several faults 
are found in the synclines. 

Seven gas wells with open-flow capacities of from 3,000,000 to 
58,000,000 cu. ft., and with rock pressures of 600 to 800 lb., have been 
completed by the Mountain Fuel Supply Co. Several of these wells 
have made a few barrels of oil with the gas, and it was necessary as early 
as 1932 for the company to install drips at practically all of its wells to 
remove the oil before the gas could be turned into the Salt Lake line of 
the Western Public Service Corporation. 

One of the most interesting tests in progress at the close of the year 
is the South Park Oil Company’s drilling well on the Hartsel anticline 
in South Park, Park County. The well is on state land in the SW. SE. 
SE. of sec. 16, 118., 75W., at an elevation of 9386 ft. above sea level. 

The park-like area known as South Park is in the high mountains 
southwest of Denver and consists of two downthrown fault blocks between 
the Mosquito Range on the west and spurs of the Front Range on the 
east. It is a small area of sedimentary rocks completely surrounded by 
granite. The Hartsel anticline, in the east fault block, is a long, narrow 
northwest-southeast-trending structure upon which are a number of 
superimposed domes separated by shallow synclines or saddles. The 
structure occupies a narrow valley between two deep synclines lying 
east and west of and approximately parallel to the crest of the fold. 
The well starts in Fox Hills (Cretaceous) beds and has for objectives the 
various sands found in the Upper Cretaceous and in the Jurassic. 


TABLE 1.—(Continued) 


Total Oil Production, Bbl. Average Oil Production, Bbl. 


Total Gas Production, Millions 
Cu. Ft. 


Line . ee 
Daily Per Well . 
Num- Per Per H Maxim 
ber |To End of | During | During a Acre to | Acre-foot - aly |To End During | During Dakss 
1934 1933 1934 rate End of | to End of mas of 1934} 1933 | 1934 | during 
1934 | 1934 | 1934 hy 1934 
1 33,854 | 5,168 4,760 13 66 a3 4 385 85 5 
2 | 610,606] 5,840 6,391 18 1,526 2.6 : : 
3 |13,207,205 | 911343 | 82,151 210 1,468 2 
4 | 1,991,767 | 49,870 | 38,132 107 4,979 | 199 10 
5 2,494 | 27 7 
6 | 387,854 | 52,198 | 36,487 82 1,939 | 55 27 ge men hae 
7 | 4,894;385 | 204,242 | 162,746 520 | 12,829 | 641 43.3 
8 1 
9 | 3,153,746 | 210,032 | 514,947| 1,685 5,256 | 263 80 we es 2 
10 2,874 715 606 2 0.7 
1 19 0 0 0 
12 | 373,348] 20,962 | 31,270 86 1,166 21 
13 | 1,342,550 | 86,949 | 71,723 164 6,713 14 
14 156,886 0 | 23,567 151 490 | 100 151 
15, | 4,347,183 | 176,223 | 148/412 359 4,347 | 217 16 
16 |30,502,258 | 912,537 |1,121,199 


» Footnotes to column heads and explanation of symbols are given on page 249. 
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One other test is worthy of mention. It is the Trojan Oil & Gas 
Company’s No. 1 Lotus Oil, NW. NE. NE. of sec. 15, 23 8., 46 W., 
Prowers County. This well has been the center of interest in eastern 
Colorado for the past two years, not so much for its possibilities of 
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. Average Oil Production Peers LG 
umber of Oil and/or e Methods at E ure, Lub. per 
Number of Oil and/or Gas Wells Depth, Ft. eat Hod of Sa. Ine 
During Average at 
Line 1934 At End of 1934 Number of Wells End of 
um- 
ber pate De z 
to End o' 45, wo lex 2 © Initial 
1934 ey | SRE wp] we] om] FSR ee k nitial 
3 s £A 3a 23 2S| § a3. a8 _ | Flowing Pumping 1983 | 1934 
| 2 | SS | scleul sal Sslseseee 
B| | 84| 25) 23| e5| 24 |stelecs 
8) a4 e@{eCl ee a0) a™ acres 
A fs : : 3 1 ; 2,940 rn : 600 250 | 200 
3 1,202 0 2 
4 15 0 0 
5 14 0 0 5 
6 8 0 0 
he 12 0 0 
8 10 2 0 830 
9 28 5 0 
0 21 
0 0 
0 0 
0 2 
0 0 
0 0 
YP \ Rare 


Character of Oil Character of 
Approx. Average | Gas, Approx. Producing Rock Deepest Zone Tested 
during 1934 verage to End of 1934 
during 1934 
oe 
Gravity A.P.I. Hg : 
at 60° F, = ‘ Sc 2 
be 3 o* g A A >t a 
Ss 6) a Name Age? | Be) . Isso Name s 
is | ke oO Bl. Iso SS Fit 
g 3 g 3 & 2 nS £2) S180) & le Fe et wg 
4\6|9lgs\5| 3 | o 2/2 Be] € zs a 
2 |" ‘ ont g z = a ce 3 Z we} 
2\3|/2|5<|4| a | 6* 6| & |e=| & jae A 
1 335 | P|1,120 | 0.9 | Hygiene CreU |S |20 | 20} A 4 | Lakota (CreL) 4,031 
2 386 | P Pierre CreU | H MF 44 : 
3 Sr P Pierre CreU | H T.S. | 1,097 | Fountain (Pen) 1,875 
4| 37 | 348 iz Muddy-Dakota | CreU |S |12 | 25 | A 4 | Dakota (CreU) 4,995 
5 1,131 | 2.0 | Benton CreU | H D 6 | Morrison (Jur) 1,392 
6 42|P Muddy CreU|S | 9 | 85) A 5 | Lakota (CreL) 6,913 
7 41 | P Dakota CreU | 5 |182 
; Sundance Jur § |14 | 20|D Sundance (Jur) 4,490 
8 1,080 Wasatch S iy z|D Mesaverde (CreU). | 7,577 
9 S7ahe Mancos CreU | H| 9- | 20 | D Sundance (Jur) 3,447 
Sundance Jur | 5 
10 40 | P f ; 
11 Thert! Santa Rosa Tri |S |22 | 44|)D 2 | Fountain (Pen) 2,000 
12| 52 | 48 Pp Mancos CreU | H A 45 | Weber (Pen) 7,173 
13 35 | P Mancos CreU | H A 
14 50 | P Muddy-Dakota | CreU | 8 } 2% 5 | AF 2 | Muddy-Dakota 5,115 
15 374 | P Muddy-Dakota | CreU | 8 |12 | 20 Ag" 8 | Morrison (Jur) 4,932 
16 


17.9 helium. At Thatcher, 


porarily shut down, for the extraction of helium from this gas. 


2 Figures from recovery in 
3 No samples of this sand ha 


dicate 20%. 
ve been recovered. 


Colo., eleven miles distant, The Helium Co., of Louisville, Ky., 


has a $600,000 plant, tem- 
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obtaining oil and gas production as because it is furnishing much valuable 


geological information in an area believed to be generally favorable for 


oil and gas production in Paleozoic rocks. The operators have announced | 


that the well will be drilled to the Ordovician if production is not obtained 
in younger rocks. 

The Lamar dome is a small elongated dome developed in Dakota 
sandstone, with about 30 ft. of closure. The drilling well found the top 
of the Pennsylvanian section at 2711 ft. and the top of the Mississippian 
at about 5010 feet. : 


TaBLe 2.—Summary of Drilling Operations in Colorado 
(Figures in body of tabulation represent number of holes) 


Completed Prior to Jan. 1, 1935 Completed during 1934 
Drilling or 
Dry and/or Near-dry Holes ee) — mee 
1934 
MES cA Cl ee ce a a 
County Total Depths, Ft. ive | Total Depths, Ft.| | welts 
[te 3 (hon (For 
Details, Details, 2 
= elole T “oe = = tet = E 
‘able = 
S| 3 |sigi8/8) |] |e (88 y) te 
Sat 6/S|—| oo] = a oo iy T ee SS 5 
2/8 8 /sigigig/3| 3 2/2/82) a\% 
oS eaten sHl5/S Rie 4/S/8/8] Sle E i 
2} 1} «2! o} 1) oO} 0 6 1 
0} = =2) 1) 0} Oo} 0 3 | 
4 1} 0} of 11 t | 
3 0} 0} 0} 9} oO} 0 3 2 
0 2} 0] 1] 0} 0} O 3 
0 Oo} 1) 1) 0) 110 3 
5| 32] 14) 4} 2) 2) 1 60 7 1 1 2 
2 0} 0} 6} 1) 0} O 3 
4 0} 0} 0} 0} 0} O 4 
3 0} Of} 1] 0} 0} 0 4 
0 0} =O} O} 0} 1) 0 1 
0} 2) O} 0} 0] OF 0 2 
2 0} 1) 1) 0} O| 0 4 
6 6] 6) 1] 0] 0] O 19 1 1 
2/1252] 3) 1] O} O} O |1258 105 2) 1 3 
2 2) 2} 1] 0] 0} 0 7 
1 4) 3} 0] 0} 0} 0 8 2 
0 1} 1) 4) 1] 0} 0 7 2 
2 1} 2) 0} 0} 0] O 5 
3 1} 0) 0} 0} 0] O 4 
0 0} =1} 0} 0} 0} 0 1 
5 2} 5} 0} 0] 0} 0 12 
I 2 9} 10! 8/46} 2] 0] 0 77 37 2 1 3 
Las Animas 15} 8 2] 0} 0} 0) 0} 25 1 
0 3} 1) 0} 0} O10 4 1 
OF 0} 0) Jia, OO 2 
5 2) 3} 0} 0} 0} 0 10 ¢ 
5} 20) 44/10} 1] O} 1 81 45 3] 6 9 7 3 
1 2 0} 0} 2} 0} 0] 0 5 i 1 1 
Oo} 68} 21 1 Oo 5 
1 0} 0} O} 1} 2) 0 4 
8 1; 0} 0} 0} O} O 9 
1 1; 1} 0} 0} 0} O 3 as al 2 1 
1 5} 0} 0} 1! 0} 0 7 1 
8 5} 2] 0} 0} 0] 0 15 1 
2} 4) 2) 3) 3) 0) 1 15 
Routt ATE porsche Rirsod sah ae 7 6] 25] 0} 0} 0} 0 38 1 2 3 
Raguachei..n ccc ree. 0 1; 0} 1} 0} 0} 0 2 
Wiashingtoniverc..... «aeunsniic 5 1} 0} 1} 0} 0} 0 7 
LC SA eR 23 4 3} 0} O} O11) 1 19 3 ch ig: 
Nias he Seer ni Sonat ae 3} 3] 3] 0] 1) 0) 0 10 
EL OAL erin. ccane sete 3 |122)1882]135)80/17|19] 4 |1762 197 3 | 2) 7 (12) 2 126 7 4 12 
rn ee sa ee Ea ea ie th the ee ee 


Oil and Gas Development in Illinois in 1934* 


By Aurrep H. BEeLut 
(New York Meeting, February, 1935) 


ILuinoIs produced 5 per cent more crude oil in 1934 than in 1933, 
because there was less curtailment, and the value of the year’s production 
at the wells was 35 per cent more than that of the previous year. ‘The 
average price of Illinois crude oil in 1934 was $1.13 as compared with 
$0.87 in 1933, an increase of 30 per cent. } 

The quotas of allowable production for Illinois during 1934, as author- 
ized by Oil Administrator Harold L. Ickes, were as follows: January, 
February, March, 12,000 bbl. per day; April, May, 12,500; June, July, 
12,600; August, 12,500; September, October, November, 12,000; Decem- 
ber, 11,700. No other restrictions on production were in effect during the 
year until Oct. 11, when it was found necessary to prorate the fields to 
75 per cent, a curtailment of 25 per cent below the quota fixed by the 
Federal Administrator. On Dec. 1 the curtailment was reduced to 
18 per cent and on Dec. 18, to 15 per cent. 

Production in Illinois by months during 1934 was as follows: 


BaRRELS BaRRELS 

PV sq MUU VISV Pe PR ere oats ue ee $03 000s: Julyes.) capes 4-2 fsrc ese 394,000 
He TUAUVieaiee w seeERete el <i. pene ed Za O00 me AULUBE: oe Bese + <s Kecacutess ausis 402,000 
WinTehinee erat oti a nee cuir 394,000 September................-- 378,000 
RINE er A ease vo hea o's 373,000 October..........04ene++ ses 352,000 
NY 6g bie Nae IST Rect Grete ere ato 411,000 November..........--.-++-+: 305,000 
TREE NS. ope cere sed RARER, CRA REC care 392,000 December.............-.---- 321,000 
HIRO GUL whe ferans. sia, sc < sheusuctees hem 4,452,000 


In spite of higher prices for crude oil, fewer wells were drilled in 
Illinois in 1934 than in 1933 (Tables 1 and 2). Of the 26 wells drilled, 
10 were oil producers, 8 were in proved fields and 2 were in a new pool 
in Wabash County, 114 miles south of the nearest production, one was 
a small gas well on the Stubblefield anticline in Bond County, one was 
an input well for repressuring in the Colmar-Plymouth field, McDonough 


County, and 14 were dry holes, mostly scattered wildcat tests. 


* Published with the permission of the Chief, Illinois State Geological Survey. 
Manuscript received at the office of the Institute Feb. 18, 1935. 
+ Geologist and Head, Oil and Gas Division, Illinois State Geological Survey, 
Urbana, I. 
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Tas Le 1.—Oil and Gas Production in Illinois 


hee Area Proved, Acres Total Oil Production, Bbl. 
Sie 
be \. cane) e I Daily 
48 Field, County to | Oi+ ; waren 
, End | Oi ToEndof | During | During |“ VCi28' . 
: of | and | Gas | Total | ““s934 | 1933 oa one . 
1934 | Gas ov., 
a 1934 : 
me owe | so ey er ey See 
1 | Warrenton-Borton, Edgar........ 28 100 0 100 26,000+ 730+ 730+ 2 . 
2| Westfield (Parker Twp.), Clark, 
| i@olene. bacveley 2 23 Pesce tea 30 | 9,000) 50) 9,050 z z z z 
3 850 70 920 z z = 7 
4 9,000 0) = 9,000 z z x z 
b) 1,500 0} = 1,500 z x iz « . 
6 | Siggins (Union Twp.), Cumberland, 
Clarkiorget: ieblatactiss shoo b be 28 3,580 75| 3,655 23 z < z 
7 3,135 55} 3,190! e zt z Fd 
8 435 15 450 z= z < a 
9 855 105 960) z “ z r 
10| York, Cumberland............... 310 40 350 z x Pa s 
Dd Casey Claritcncc nce -ta.ts ame sletdter 28 1,925 55] 1,980 z z 4 z 
12 190 15 205 z z = x 
13 400 0 400 z zr z z 
14 1,525 15} 1,540 £ z z z 
15 | Martinsville, Clark.............. 27 710} 155 x z z £ 
16 15 20 35 x Be = x 
17 275. 35 310 x 2 x E 
18 105 0 105 x 2 x x 
19 170 0 170 z x x 2 
20 195 0 195 z x x 2 
21 5 0 5 x x zr z 
22) North Johnson, Clark............ 27 1,320) 20| 1,340 & z x 2 
23 1,115 QO} 1,115 z < z x 
24 160 0 160 x x z x 
25 820 5 825 z x z x 
26 > 215 0 215 a x £ x 
27| South Johnson, Clark......:..... 27 1,715 65| 1,780 Fd x x = 
28 185 5 190 z z zx x 
29 295 0 295 x z = ae 
30 1,675 35} 1,710 iz x oe z 
31 845 5 850 x x 2 x 
32 | Bellair, Crawford, Jasper......... 27 1,300 5} = 1,805 x = x = 
33 . 1,165 0} = 1,165 = £ x = 
34 315 0 315 = - Z = 
35 910 0 910 x z x < 
36] Clark County Division).......... 19,960} 465] 20,425} 50,507,000+| 475,000+] 507,000 1,073 
37 | Main?, Crawford................-] 28 | 35,180] 510] 35,640 x x z £ 
38 840 0 340 “A = 3 x 
39 33,795] 510} 34,300 x x x x 
40 1,000 0} ~=1,000 x x = x 
41 | New Hebron, Crawford........... 25 1,350) 210) 1,460 x x z, En 
42 | Chapman, Crawford............. 20 1,045 515} 1,560 x z x z 
A3)|\Panker:  Cratyond .- trstenanve san « ete 27 1,310 30} 1,840 2 x f. x 
44 | Allison-Weger, Crawford........ é y 1,075 20) 1,095 x a x % 
45 | Flat Rock, Crawford............ Yu 1,875} 545} 1,820 x x x x 
46 | Birds, Crawford, Lawrence........ y 4,370 115| 4,485 % z s 2 
47 | Crawford County Division‘,..... . 28 | 45,655) 1,945] 47,600] 137,311,000 1,471,000 1,572,000 3,500 
48 | Lawrence, Lawrence, Crawford.,...| 28 | 24,150) 1,550| 25,700 % % tr, w 
49 5,015 35} 5,050 z z & uA 
50 2,240 0} 2,240 z a « x 
51 345} 1,095; 1,440 z x & x 
52 15,960 220) 16,180 x = a x 
53 4,020 200} 4,220 x x x z 
54 e 6,950 0| 6,950 x z x x 
55 | St. Francisville, Lawrence......... y 420 0 420 a x x z 
56 | Lawrence County Division’. ..... . 24,570) 1,550} 26,120) 215,650,000 1,650,000 1,908,000 4,300 


ee ee ee ee ee eee 
1 Total of lines 1, 2, 6, 10, 11, 15, 22, 27, 32. 
2 Includes Kibbie, Oblong, Robinson, and Hardinsville. 
* Includes Swearingen Gas. 
4 Total of lines 37, 41, 42, 43, 44, 45, 46. 
5 Total of lines 48 and 55. 


oo _ 
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The best of the new producers were two wells in the Dupo field, 
St. Clair County, one of which had an initial production during the 
first 24 hr. of 257 bbl. and the other 92 bbl. Because of these two wells 
the average initial production per well in Illinois increased greatly, being 
35 bbl. in 1934 as compared with 5.3 in 1933. 

A sharp drop in production of the Dupo field in 1934 (total 40,200 
bbl. as compared with 150,000 bbl. in 1933) resulted when some of the 
best producers in the field suddenly fell off in oil production and went 
almost entirely to water. It was then found that lifting costs for the 
field were greater than receipts for oil produced and it became necessary 
to increase production by drilling new wells. About 50 undrilled inside 
locations remain in the field, and further drilling is planned as new 
production is needed to fill market requirements. 


TaBLE 1.—(Continued) 


ve Area Proved, Acres Total Oil Production, Bbl. 
wn 
ears : 
3 Field, County 2, | Ot ee 4 
mM Oil To End of During During * 
2 SE head ye Pe 1934 1933 isd | Guee 
o 1934 | Gas = 
=I 1934 
5 
57 | Allendale, Wabash...... ere AE 22 1,670 0| 1,670} 3,720,000+| 220,000+} 220,000+ 600+ 
"68 | Southeastern Illinois Fields... ... 91,855| 3,960| 95,815] 407,188,000 |3,816,000 | 4,207,000 | 9,473 
59 Colmar-Plymouth, McDonough, ; 
anedck ce dates costes es <0. a 2,450 0| 2,450} 1,900,000 93,900 81,000 235 
9 
60 | Pike County Gas, Pike........... Abe: 0| 8,960} 8,960 0 0 0 0 
1920+ 
61 | Jacksonville Gas, Morgan........ fe 30] 1,290) 1,320 2,100 0 0 0 
62 | Carlinville, Macoupin............ pee 30 50 80 Bi 0 0 0 
925+ 
63 | Spanish Needle Creek, Macoupin..| 19 0 80 80) 0 0 0 0 
64 | Gillespie (Wyen), Macoupin eet 19 40 0 40 x 1,095+ 1,095+ 3+ 
65 | Gillespie-Benld Gas, Macoupin.... 0 80 80 0 0 0 0 
66 | Staunton, Macoupin..........--- Abd. 0} 400 400 0 0 0 0 
1919 
55 4 
67 | Litchfield, Montgomery........-.. a 100 0 100 22,000 0 0 0 
0: 
25 
68 | Collinsville, Madison............. ee 40 0 40 715 0 0 0 
69 | Ayers Gas, Bond.............--- y 0) 280 280 0 0 0 “0 
) ’ 
70 | Greenville Gas, Bond...........- ees 0} 160 160 0 0 0 0 
TL A Oarlylen CHMLOM Tecigee.<.< <\Tacs ss + 23 915 0 915 3,226,000+ 22,427 26,400 75 
72 | Frogtown, Clinton...........-..+ 16 300 0 300 z 0 0 0 
73| Sandoval, Marion......-.....++- 25 770 0 770| 2,550,000+ 34,800 34,300 94 
74| Centralia, Marion............... 24 175 0 175 ay y y y 
75 | Wamac, Marion, Clinton, Wash- 
Ora ate Ae > ARTO T GCC cori 13 250 0 250 300,000+ x 25,000+ 68+ 
TE DUpO Mob CLOUT 2 oie aoe ae sie estaens 6 670 0 670 773,000 150,000 40,200 93 
14 
77 | Waterloo, Monroe........--.-+++ Abd. 125 0 125 166,000 0 0 0 
1930 
R Abd 65 100 165 0 0 0 
78 | Sparta Gas, Randolph. . iaees a 5 i ; r 
79 Ava-Campbell Hill, Jackson...... 17 70| 370 440 25,000 0 + 0 0 
80 Total, dlinois’s.2- ..<.-« 0/2 = 97,885 15,730| 113,615) 416,728,0008 4,244,000 | 4,452,000 | 10,200 


Dee eee ee SS —— 
6 Total pe 36, int ee 57. 
7 Total 58 to 79, inc! pes : : 
8 The ele eodaction & is the figure furnished by the U. S. Bureau of Mines and is not the exact total of the figures 


given i in the table which were obtained from other sources. 
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Tae 1.—(Continued) 


a 


Number of Oil and/or Gas Wells 


Total Gas Production, 
Millions Cu. Ft. 


Average Oil 
Production, Bbl. 
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* TQ. 20 ATU) Saye ® is “ * % + 8 | 3 SCAT SS | S | 8 a/S jE) A 
> at oo | 18 so] os oc) 
NO Buronporg Se 
umog 4n4g O SRBBAMSPSVSASRSPSTW>AAASRAWSVW PARAS SBRAABAA HHS Bo] | SRB BPPBssara| a In PSB BRBPREBl OO] SO e|ge 
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a5 28 SCoSCSC OOS OSS OSS SOSSSSSOOHHHHHRHHHRARHRAHR| sRRReRRees| Rl BRRHHeRS] ®B] BRB] R/OS 
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Footnotes to column headings and explanation of symbols are on page 249. 
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The two wells in Wabash County that opened a new pool 1)4 miles 
south of the nearest production had initial productions of 12 bbl. (after 
shot) and 2 bbl. (natural), respectively. The productive area is bounded 
by dry holes one location to the northwest and southwest but it may 
extend eastward. Experience has shown that the production in Wabash 
County is very spotty, so the new pool probably will not be large. 
The producing horizon is the Biehl sand near the base of the Pennsyl- 
vanian system. 

Nine of the 14 dry holes were drilled without reference to geological 
conditions and in areas where detailed structure is not known. Of the 
remaining five, one was in the old Sparta gas field, Randolph County; 
one on the Martinsville dome in Clark County between the Martinsville 
and North Johnson pools; one in northern Crawford County, where 
many dry patches are interspersed in the producing territory; one was 
an offset to one of the new wells in Wabash County mentioned above 
and one was on the Stubblefield anticline, Bond County, but not on 
structural closure. 

Through the cooperation of the oil companies excellent information 
is being obtained from the new drilling. Sample cuttings saved at 
frequent regular intervals were obtained from 22 of the 26 new wells 
and from two wells that were deepened. The cuttings are studied in 
the subsurface laboratory of the State Geological Survey, where they 


TasLE 1.— (Continued) 


wap ees ge OP eS Se 


Average Oil Total Gas Production, ‘ 
Production, Bbl. Wr tRona Gu. Ft. Number of Oil and/or Gas Wells 
During 1934 At End of 1934 
Maxi-| Com- 
mum | pleted 
5 3S |e a a3 7 End ae vor Dally nae me a. |z & 
of ere oS of 1934 ur- n : p 2 wo 

q SS 28 oi = 1933 | 1934] Gur | or | B | SB | BS leSa| Ba |g E 
Z| BS [BE (Se 1934 | 1934 | & | S | 89 [Ed\ gd | 's 5 
s| <a [ease as | = | 3 225] 42 | 22 | 22 
8) ga |Es2|ee= B | 2 | 84 Eo) £8 | £S |e 
61 70 14+} 0 x 0 0 0 53 0 y y (() y y 
62 2 E 0 x 0 0 0 8 0 0 0 0} 20 0 0 
63 0 0 | 0 14.44, O+ 0 0 7 0 0 it 0} +0 0 0 
64 x z 0.754 0 0 0 0 11 0 0 0 4 0 0 4 
65 0 0 |0 135.8 6.53) 0 0 4, 0 0 4 0} 260 0 0 
66 0 0 | 0 1,050 0 0 0 18 0 0 0 Oo; 0 0 0 
67} 220 a | 0 x 0 0 0 17 0 0 0 0| oO 0 0 
68 cd Ef 0 0 0 0 0 5 0 0 0 o| 60 0 0 
69 0 0 | 0 67 13.4 | 18.45) 2 10} 0 0 0 Oo} 60 7 7 
70 0 0 | 0 990 0 0 0 4 0 0 0 oO 0 0 
71|3,500+| 175+| 0.8 0 0 0 0 164 0 0 6 92 0 0 92 
72 3 2 0) 0 0 0 0 12 0 0 0 0} 0 0 0 
73 | 3,250+| 162+] 2.8 0 0 0 0 122 0 10 9 34 0 0 34 
74 x oolg 0 0 0 0 22 0 y y y 0 0 y 
75|1,200+| 60+] 1.5 0 0 0 0 103 0 11 0 45 0 0 45 
76 | 1,150 23 2.2 0 0 0 0 227; 2 9 6 42 0 0 42 
77 | 1,328 y 0 0 0 0 0 23 0 0 0 (1) 0 0 
78 z Zz 0 z 0 0 0 20|/ 0 0 0 (0) 0 0 
79 35 c 0 z 0 0 0 35 0 0 0 0} 0 0 0 
80 | 4,260 0.72 z y y y 20,329} 10 319 107 | 14,280) y 7 | 14,287 


“pepe, 


Oil Pr Tah al iy 2 
| Methods at End of | 4 Press 
14, | 


@ A special definition of d for a 


e f &- 
| Gravity! 
A. P. I. at 60° ue “| 

® veel of 2 alse 

wa @ o s, =a * li | 
g SE Ss Pumping oe al a] f 
Zz g 3 a RE 5 Ze 3 1933 | 1934 d ca 
2|2es at 33 | = ae a 
| a** | e® cotta Me 2 ES | ah) al 

z z z z z a ee ee | pel 
3 at | 385 200+) = z | 38.4] 28.3) 34.0 y M ES ae 
3] 376} 281 y Zag) le z y y 2. y - ono 
4 446 334 y x & x y y 37°0 y M nits 
5 | 2,568 | 2,265 y ir z = y y . y d 
6 919 A2 = z a | 36.9 | 27.4] 33.0 y| MI a 3 
7 465 367 y a z zt y y oes y - a | : 
8 562 478 y Ed ia £ y y | (33.6) y zy} a 
9} 590 556 y £ x £ y y | (25.7) y| M x 
10 680 588 44 = 2 x | 33.9 | 30.0 | (30.3) y| M , cB LEE 2 
ll 514 9 2 z a | 37.2 | 27.2 | 29.2 y| M $4 45 
12 | 358 | 263 y efi is x y y | (31.9) }-_y| M Z| 2 
13] 426} 309 y z z z y y | (30.1) y| M z| z 
14] 505 | 444 y z Eom ee y y : y| M Z| 2 
15 167 A2 z x a, | 37.5 | 30.2 y| M Deleet 
16 411 255 y z x z y y yl) y a) 2 
17 511 449 y + x = y y yViy 2 ad 
18 506 AT7 y 2 x x y y Bi org zy) 2 
19 | 1,418 | 1,340 y x z z Ly y y| M zl] 2 
RIBS as] SV EPS) OH tlaodl 3] kl ae e 
21 | 2; fr x x 
2 Wycretidlie 428 zs | « | « | 36.2] 27.7 y| M z| 2 
23 486 416 y x x z y y y\ oy 2) 2% 
24 451 314 y x = = y y y y z 2 
25 508 rn y x x 7 4 y 4 y : z 
26 554 3: x x z y y 
27 499 x £ z | 35.1 | 28.5 y| M e 1x 
28 549 392 y rr = x y y yy) oy a Wess 
29 518 453 y = x z y y y y z= = 
30 570 489 y = £ z y y y y = z 
31] 618 | 598 y Eee x y y _y| M zl] 2 
32 409 AG2 r x @ | 35:6 ]) 243 y| M meh} bs : 
33 726 561 y x x x y y y| M z2| & 
34 907 817 y x x x y y ¥i 2 CS oe 
35 920 886 y x z 2 y y y| M a RS 2 

Gl 
36 8,334 AZ z x z | 39.6 | 25.8 y Rye 
AG13 

37 5,506 10 425+ y y 38.6 | 25.1 0.23 M 960 2.5 
38 822 508 y x % x y ] yloy raed 
39 960 900 y 1 425+ 2 x 36.8 | 25.1 y M 960 2.5 
40 | 1,416 | 1,337 y : z 2 x y y yl ey x z 
41 975 940 198 G2 x z x | 35.0 | 24.3 y| oy e.|—2 
42} 1,015 995 91 AGI x x £ y y y) y Ball 
43 | 1,025 | 1,000 221 3 x x y y yl oy 2 x 
44 930 912 72 x x az | 30.4 | 22.6 ylo¥v oh. # 
45 945 935 163 x z x | 26.6 | 18.5 yiy wil 
46 950 930 477 AZ x L x | 34.1 | 20.0 y| y Cal ee 
47 6,696 12 425+ 2 2 | 38.6 | 18.5 y M 960 2.5 


plication to this table follows: W, water; G, gas; A, air; AG, air-gas mixture. Numbers 


in this column indicate numbers af sajna wells. iT") . 
‘A special definition of J for application to this table follows: All gravities given (except those in parentheses) were from 


data for the year 1925 furnished by the Illinois Pipe Line Co. Gravities in parentheses are for particula 
State Geol. Survey Bull..54, Table 3. The values have been converted from Baumé to A.P.I. gravities, 


r samples; see Illinois 


9 Gl, A3, AGIL 
10G15, A 
11 G15, A24, AG20, W1. 
12Q17, A31, AG21, W1. 


b4, AG20, WI. 
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are preserved for comparison with other well cuttings, and reports on 
the cuttings received are furnished to the well owner. The Survey’s 
Baker cable-tool core barrel’ was used twice during 1934 to obtain cores 
of producing formations in Illinois fields. One core was obtained in the 
Colmar-Plymouth field and the other in the Dupo field, both in western 
Illinois. The thicknesses of strata cored were 2414 and 45 ft. respectively. 
Tests in the Survey laboratories for porosity, saturation and permeability 


TABLE 1.—(Continued) 


pt Se ee tS a SS 


Oil Production 
Average Pressure, Ch: f Oil Character 
Methods at End of : Se: OE 
Depth, Ft. 1934 Lb. per Sq. In.¢ Approx. Average during 1934 pe 
pore rf 
uring 1 
Average at Gravity?! 
End of A. PT. at 60° F° 
a Number of | o Gal 
& P| a. 2 ells, = B.t.u. | Gaso- 
elec) | cg | runenel) ge ere eel 3 cae 
z| koa] S30 26 | — | 1933 | 1934) & 22 | <0 Ha eye 
2 22 3\/63 8 se | 3 q 2 Seay fe [eh ace 
™-= . . o = na 
A ene) ou as | 8 = | 8 |e<|24| 2 " 
48 3,366 Al 650+] « z | 39.3 | 26.7 | 32.9 M el 22).4 
49 | 1,000 800 y x x z y y y | 0.27) y z\ 2 
50 | 1,265 | 1,250 y x £ x y y y | 0.24 y Ed ca 
51 | 1,845 | 1,330 y x x 2 y y y y| y a| 2 
52 | 1,430 | 1,4 y 600 x x y y y| 0.20} y 2| a 
53 | 1,580 | 1,560 y 650 x z y y y | 0.17) y z\| 2 
54 | 1,710 | 1,700 y x £ x y y y | 0.385 | y a x 
55 | 1,865 | 1,843 45 600 £ xz | 37.3 | 37.3 | 37.3 y\ 4 z| 2 
56 3,411 Al Lz x a 
57 | 1,460 | 1,425 341 Gl x = g | 35.9-| 24.1 | 85.1] 0.25) y Bil oe 
G19 
58 13,782 A388 39.3 | 18.5 | 33.1 y| 2.4 
AG34 
wl 
59 468 447 281 AQ a x a y y | 37.5 vl oy 
60 275 265 0 2 fer x 2 ev 
61 330 335 0 x ¢ x x x % a| ¥ 898 | 0.05 
62 398 380 0 135 z % & @ 20-7 (al oh} z| 2 
63 405 385 0 z zr z yloy 
64 670 650 4 z x a y y | 29.2 z| y 
65 555 542 0 155 x x 788 | y 
66 491 461 0 145 x x os 
67 674 644 0 x x x ¢ ei 2057 z| y x x 
68 | 1,400 | 1,305 0 x fe x fr i) z a zt 2 © 
69 945 940 0 345 g | 315+ y|oy 
70 993 927 0 x x x 1,050 | 0 
71 | 1,055 | 1,035 92 W3 by £ gz | 37.0 | 34.2 | 35.2 y|oy z| oo 
72 957 95! 0 x ic fr y y | 31.9 y| oy ill ace 
73 | 1,560 | 1,540 34 z £ xz | 85.1 | 32.7 | 34.6 yloy 
74 | 1,150 | 1,130 y x x gz | 35.0 | 31.0 | 32.3 y| y¥ 
75 760 720 45 W5 x x gz | 30.8 | 29.3 | 30.2 y| P 
76 601 651 42 2 x x y y | 32.7 y y 
77 460 410 0 z or z | 30.1 | 29.5 | 30.0 a | @ 
78 857 850 0 £ 2 (i x x x Doll x 2 
79 798 780 0 115 x (3 (3 x x Gil oe x x 
80 14,280 G19 
A38 
AG34 
Ww9 


4 A special definition of d for application to this table follows: W, water; G, gas; A, air; AG, air-gas mixture. Number 


in this column indicate numbers of injection wells. jae : 
1A special definition of ! for application to this table follows: All gravities given (except those in parentheses) were from 


data for the year 1925 furnished by the Illinois Pipe Line Co. Gravities in parentheses are for particular samples; see Illinois 
State Geol. eas Bull. 54, Table 3. The values have been converted from Baumé to A.P.I. gravities. 

1 For a discussion of the use of the core barrel see: A..H. Bell and R. J. Piersol: 
The Need for Sand Coring in the Southeastern Illinois Oil Field. Il. State Geol. 


Survey, Illinois Petroleum No. 21 (Dec. 19, 1931). 
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Taste 1.—(Continued) 


. a Deepest Zone Tested 
Producing Rock 8 to End of 1934 
i zis 
& 3 Be Ee 3 oe Depth | 
L: Name Age 2 a Fs H | 3B & 3 Name of Hole, 
o 
g : s | 32 | 2 | 53s 
ns ro) Ay Z n a 
ML 0 Pen 715 
27 Uneaesed ie son ines D | 99 |Trenton (Ord) | 2,918 
2 | See below. 
3 | Shallow gas sand Pen S Por 36 D fs 
4) Westfield lime MisL L oe z D x 
av 
Ord L Por & D x ; 
3 aces: D 28 Dev limestone 2,010 
7 | First Siggins sand Seen § Por a D z 
8] Second and Third Siggins 
sand ies 5 a8 z - x 
9 | Lower Siggins sand en or x x 
10 York Lan Pen § Por & AM 2 : 960 
11 | See below. AM 20 | MisL 808 
12 | Upper gas sand Pen Ss Por x AM 5 
13 | Lower gas sand Pen S Por x AM 12 
14 | Casey sand Pen 8 Por z AM 20 
15 | See below. D 5 St: Peter 3,411 
16 | Shallow sands Pen s Por z D 1 
17 | Casey sand Pen S Por £ D 5 
18 | Martinsville sand MisL L Por % D 1 
19 | Carper MisL S Por x D 1 
20 | “ Niagaran” Dev L Por z D 3 
21| Trenton Ord L Por z D 1 : 
22 | See below. AM 16 Mis 965 
23 | Claypool sand Pen $ Por z AM 12 
24 | Shallow sands Pen S Por x AM 4 
6 | Uy Partlow en or iz 
27 des below. AM 29 Mis 1,160 
28 | Claypool sand Pen § Por x _ AM 3 
29 | Casey sand Pen $s Por x AM 11 
30 | Upper Partlow Pen S Por x AM 29 
31] Lower Partlow Pen s Por x AM 10 y 
32 | See below. AM 14 MisL 1,471 
33 | “500-ft. sand’’ Pen 8 Por x AM 3 
34 | “800-ft. sand” Pen s Por L AM 3 
35 | “900-ft. sand’’ MisU 8 Por x AM 12 
36 338+ 213 
37 | See below. 200+ | Trenton (Ord) 4,620 
38 | Shallow sand Pen s Por zr ML £ 
39 | Robinson sand Pen § Por 25+ ML 167 Trenton (Ord) 4,620 
40 | Oblong Mis SorL | Por a A, ML 23 Mis 1,479 
41 | Robinson sand Pen 8 Por x L 5 MisL 2,056 
42 | Robinson sand Pen s Por x ML 10 Mis 2,279 
43 | Robinson sand Pen 8 Por £ ML 10 Pen? 1,127 
44 | Robinson sand Pen 8 Por £ ML 6 Pen 1,041 
45 | Robinson (Flat Rock) Pen 8 Por x ML 8 Pen 1,032 
46 | Robinson sand Pen fs} Por x ML 12 MisL 1,731 
47 Pen, Mis 8 Por x ML 251 Trenton (Ord) 4,620 
48 | See below. A 83 St. Peter 5,190 
49 | Bridgeport sand Pen § Por | 40 A 19 
50 | Buchanan Pen 8 Por 15 A 3 
51] “Gas” sand MisU § Por 15 A 5 
52 | Kirkwood MisU 8 Por 30 A 10 
53 | Tracy MisU 8 Por 10 A 11 
54 | MeClosky MisL L Por 10 A 23 
55 | Kirkwood MisU 8 Por 22 ML 0 Mis 1,900 
56 83 St. Peter 5,190 
57 | Biehl sand Pen 8 Por 385+ AM 43 MisL 2,228 
58 590 i 
59 | Hoing sand Dev 8 Por 21 A 0 Trenton (Ord) 805 
60 | Niagaran Silly tem L Por 10 A 0 St. Peter 893 
61 | Gas sand Pen Mis |8,H,SL| Por 5 ML 8 Trenton (Ord) 1,390 
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are now in progress and the results are to be published. It is planned 
that further coring of Illinois oil sands will be carried on as opportunity 
arises, in order to furnish data regarding Illinois oil sands that are needed 
in the application of improved recovery methods. 

The second annual petroleum conference of Illinois, sponsored by the 
Illinois-Indiana Petroleum Association and the Illinois State Geo- 
logical Survey, was held June 1, 1934, at Robinson. About 125 oil men 
attended. Among the subjects discussed at the conference were air 
repressuring, water-flooding, acid treatment of wells, treatment of crude 
oil emulsions, exploration for new fields, and the research needs of the 
Tllinois-Indiana petroleum industry’. 

The air-repressuring project of the Ohio Oil Co. in the Plymouth 
field, McDonough County, mentioned in last year’s report, began 
operation Feb. 10, 1934. Monthly production of one lease in this 
pool was increased from about 800 bbl. per month to about 1300 bbl. 
by repressuring. The gain in production in the leases affected, however, 
was not sufficient to offset losses in other parts of the field (Table 1). 
A considerable extension of repressuring in the Colmar-Plymouth field 
is planned and new machinery is being installed. This was the only 
new repressuring operation in Illinois during 1934. All repressuring 
plants previously in operation were continued during the year. 


TaBLE 1.—(Continued) 
| 2 eee eee 2 al 


‘ + Deepest Zone Tested 
Pees ee & to End of 1934 
a af ey 
5 8: Ags 
£ i OR 
% = ae ots SA 6 Depth 
E Name Age? = 2 48 iE BEY Name of Hole, 
aA 3 B g 2 2 8 Ft. 
2 & g Be 3 gus 5 
3 5 By \ ve et eae 
62 | Unnamed Pen 8 Por £ A 0 Pen 410 
63 | Unnamed Pen 8 Por x D 1 Pen 495 
64 | Unnamed Pen 8 Por c a: 9 Trenton (Ord) 2,560 
65} Unnamed Pen 8 Por a A 0 Pen 575 
66 | Unnamed Pen NS] Por x A 0 Trenton (Ord) 2,371 
67 | Unnamed Pen 8 Por x D 0 Pen 681 
68 | Trenton Ord L Por 20 ML 0 Trenton (Ord) 1,500 
69 | Lindley MisU s Por 5 A 0 MisL 1,150 
70 | Lindley MisU 8 Por z A 0 Mis 1,065 
71 | Carlyle MisU. 8 Por | 20 A 17 Sil 2,620 
72 | Carlyle MisU s Por if D 0 Carlyle y 962+ 
73 | Benoist MisU 8 Por 20+ D 7 Mis 1,732 
74 | Dykstra, Wilson, Benoist MisU 8 Por 20 D, ML 6 MisL. 1,779 
75 | Petro Pen S Por 20 D 0 Benoist 1,484 
76 | Trenton Ord L ae 50 A 0 Trenton 819 
av 
77 | Trenton Ord L Por 50 A 19 Trenton 845 
78 | Sparta gas sand MisU 8 Por i D 5 MisU 985 
79 | Unnamed ~ MisU 5 Por 18 A y Dev 2,530 
80 661+ 


2 Papers on Improved Methods of Exploring for and Recovering Petroleum in 
Illinois. Ill. State Geol. Survey and Ill.-Ind. Petr. Assn. (December, 1934). Avail- 
able on request to the Chief, Illinois State Geological Survey, Urbana. 
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TasBLe 2.—(Continued) 


Completed during 1934 


Completed Prior to January 1, 1935 
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No new water-flooding operations were begun in Illinois in 1934 but 
that begun in 1933 by the Tide Water Oil Co., on the Drake and Stifle 
leases, secs. 1 and 12, T.7N., R.13W., Crawford County, has had marked 
success to date. Water has been injected into one well since October, 
1933, and three offset wells began to show increases in production before 
the beginning of 1934. The total increase in production due to flooding 
during 1934 was about 2000 bbl., which represents an increase in produc- 
tion of about 60 per cent for the two leases affected. This operation is 
reported to have been carried on at practically no additional operat- 
ing expense. 

The only other controlled water-flooding in Illinois is in the Carlyle 
field, Clinton County. Gains in production have been small but this is 
believed to be due to unfavorable sand conditions in the small part 
of the field that is now affected. The increase in production for the field 
from about 22,400 bbl. in 1933 to about 26,300 bbl. in 1934 is mainly 
due to reduction of artificial curtailment. 

Large quantities of oil undoubtedly remain underground in Illinois 
fields. Using available data, this quantity is estimated at 1,600,000,000 
bbl. Because natural gas pressure in the reservoirs is now practically 
exhausted, artificial restoration of pressure is necessary in order that 
substantial quantities of oil may be recovered in the future. In recent 
years economic conditions have retarded the adoption of new repressuring 
and water-flooding operations but doubtless these will be greatly extended 
when economic conditions are favorable. 

Experiments with the acid treatment of wells producing from cal- 
careous formations were begun in Illinois in the fall of 1933 and carried 
on during the first half of 1934. Of 11 wells treated with acid in 1934, 
eight yielded increased production. Seven of the latter were wells in 
the McClosky ‘‘sand”’ (Ste. Genevieve limestone, Lower Mississippian) 
and one was in the Kimmswick (‘‘Trenton'’) limestone. The best 
increases were all in the McClosky wells in Lawrence County, several 
of which increased from 2 or 3 bbl. per day to 15 or 16 bbl. per day 
average for the first two weeks. Data are not available on the subsequent 
decline of these wells but in most cases the cost of the acid treatment 
is doubtless less than the increased returns from the oil produced. Acid 
treatment in wells in the Westfield lime (St. Louis and Salem limestones 
Lower Mississippian) have all been failures. Two of the enema 
during 1934 were on new wells that did not produce, so that these failures 
cannot be counted as failures of acid treatment. Acid treatment in 
Illinois ceased about the middle of 1934, when curtailment of new produc- 
tion became necessary on account of lessened market demand. As 
about 1344 wells are producing from limestone in Illinois, opportunities 


exist for further use of acid treatment to stimulate production when 
market demand warrants. 


| 
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Statistics of natural gas production in Illinois in 1934 are not yet 
available. Only one field, the Ayers, Bond County, is now producing 
gas for municipal supply (Table 1). Total production for the state, 
including gas used for power on oil leases, was 1,631,000,000 cu. ft. in 1933. 
The average value at the wells was 8 cents per thousand cubic feet. 

A preliminary estimate of natural gasoline production in Illinois for 
1934 is 3,789,000 gal.* Table 3 gives data concerning natural gasoline 
from 1929 to 1933 inclusive. On Jan. 1, 1934, there were 79 natural 
gasoline plants in Illinois, two of which were shut down*. All are of 
the compression type. One is in Wabash County, 26 in Lawrence 
County, 7 in Clark, and 43 in Crawford County. 


TABLE 3.—WNatural Gasoline Produced in Illinois 


a 


Value 
Production, N : 
‘Year Thousands of Tretted, Mit | Yield, Gal. 
Gallons Sa Rae Unit lions Cu. Ft. | Pet M. Cu. Ft. 
ousands Gents 
of Dollars 

1929 7080 617 8.7 2760 2050 

1930 6840 420 6.1 2721 2H2 

1931 5024 204 4.6 2106 PRESS 

1932 4558 139 Does 1924 Deak 

1933 3673 194 yes} 1701 2.14 

PRODUCED BY COUNTIES IN 1932 
Counties 

Clark and Cumberland... * 495 18 317 1.56 
Ora wilOtGiary.cn ack > + na 3 1895 70 742 2.55 
[ua wrenCGss; sccees wee 2168 51 865 2), 5 
State: toballac1en. +o amebae 4558 139 1924 Dee c 


Se ee 


Production data for oil and gas were furnished by the U.S. Bureau 
of Mines; the Illinois Pipe Line Co., Findlay, Ohio; the Ohio Oil Co., 
Marshall, Ill.; Petro Oil and Gas Co., St. Louis, Mo.; Bond County Gas 
Co., Greenville, Ill.; and Illinois Power and Light Corporation, Hillsboro, 
Ill. Mr. P. S. McClure of the Illinois State Geological Survey assisted 
the writer in assembling the data. Messrs. Frederick Squires and 
Frank Marshall, both formerly of the Survey staff, assembled many 
data which are repeated in this year’s report. Mr. Squires also obtained 
the data regarding the Tide Water Oil Company’s water-flooding oper- 
ation in Crawford County. 


3 Communication from G. R. Hopkins, Acting Chief Economist, Petroleum Eco- 
nomics Division, U.S. Bureau of Mines, Feb. 5, 1935. 

4G. R. Hopkins and E. M. Seeley: Natural-gasoline Plants in the United States, 
January 1, 1934. U.S. Bur. Mines Inf. Circ. 6808 (November, 1934). 


Oil and Gas Developments in Indiana 1934 


By W. N. Locan* anv J. P. Kerrf 


Lack of reliable and detailed information on many of the older fields in 
Indiana has necessitated the use of « and y in many instances. 
the younger fields many data were lacking. It was thought that even 
though much was to be desired regarding the amount and accuracy of the 
information on the old Trenton field, it was too important to be left out. 
We trust that we are not perpetuating any of the inaccuracies that are to 


be found in the data for Indiana. 
TABLE 1.—Oil and Gas Production in Indiana 
Area Proved, Acres 
, Age, 
Line ; Years 
Num- Field, County to End Oil and 
ber of 1934) Oil | "Ga | Gas | Total 
1 | Trenton! 48 102,rzz | 25,22 | 652,rrx | 778,222 
2 | Greensburg, Decatur 41 0 0) 19,2rr| 19,227 
3 | Peru, Erie, and Rich Valle: 37 1,622 0 0 1,6rr 
4 | Gifford’, Jasper.......... 36 5,2rxr 0 0 5,c2z 
5 | Loogooree, Daviess and Martin. 34 60 0 60 120 
6 | West Princeton, Gibson...... 31 860 0 0 860 
7 | Arthur (Oakland City), Pike. 27 700 0 y 700 
8 | Harrison (Laconia), Harrison 24 0 0 6,200 6,200 
9 | Shelburn-Graysville!, Sullivan 23 4,1rx 3uxr 1,822 6,2rx 
11 | Union-Bowman®, Gibson-Pike 18 24rx 0 Ara 2,8rz 
Oo WAM Ord AP thence «cise carese 15 220 0 870 1,090 
13 | Oatsville-Wheeling®, Pike-Gi 15 1,6rz 0 0 1,6z2 
14 | East Princeton, Gibson........ 14 y y y y 
15 | Tri County, Gibson-Pike. 9 160 0 0 160 
16 | Veale, Daviess.......... 8 400 0 0 400 
17. | Siosi, Vigo-Sullivan. 8 510 0 0 510 
18 | Rock Hill, Spencer. 6 60 0 0 60 
19 | Troy, Spencer... 6 75 y y 75 
20 | Francisco, Gibson... 5 80 y 200 280 
21 | Hudsonville, Daviess 5 0 0 4rz 4x8 
22 | BEIBLOW: Petty... cnet cine theme cn ediceiee. eres see 5 120 0 55 175 
23:« Unionville, Montoeunotest-) autiee bobo Gee 5 0 0 2,200 2,2008 
24°" | Sommerville sGrlsons sctont aekc a eee iene Ge actos een B y 0 
25; | Oaktown, Knouid, ...<t sewed pode Beara ec ee ne ere 4 20 0 7xx 7x28 
26 ™|'Vanderburgh, “Vanderdtirgi. na...0t nara ok cir eee eee 3 250 0 0 250 
27, | Dlairville; Posey foun dooue ek. . oder aeite Ose eee eae 0.6 300 0 0 3008 
28 Total 26,crr | 682,rrx | 832,222 


Footnotes to column heads and explanation of symbols are on page 249. 


1 Adams, Wells, Huntington, Howard, Grant, Blackford, Jay, Randolph, Delaware, Madison, Tipton, Hamilton, Marion, 


Hancock, Henry, Rush, Shelby, Decatur counties. 
2 Abandoned 1908. 3 Abandoned 1904 because of litigation. 


‘Includes Marts, Shelburn, Heims, Dodds Bridge, Denny, Graysville, Harmonand Bragdon, Dix, Scott, and Edwards 
pools. 6 Includes several pools. 6 Field not completely outlined yet. 


122,r02 


Manuscript received at the office of the Institute March 21, 1935. 


* State Geologist of Indiana, Indianapolis, Ind. 


} State Gas Supervisor, Indianapolis, Ind. 
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The naming of fields and grouping of pools into fields is not entirely 
consistent with previous literature. Developments since the original 
naming of pools or fields as well as the form in which the data were avail- 
able led us to make the changes in naming and grouping. In Sullivan 
County and in Pike and Gibson counties, a number of pools were treated 
in this manner. 

Proration by pipe lines during the last quarter of 1934 reduced the 
expected total oil production about 5 per cent. The allowable for Pike, 
Gibson and Daviess county fields was 75 per cent from Oct. 1 to Dec. 1; 
82 per cent from Dec. 1 to Dec. 18 and 82 per cent from then until Jan. 1. 
In Sullivan and Vigo counties the allowable was 75 per cent from Oct. 9 
to Dec. 3 and 73 per cent on to the end of the year. The remainder of the 
state had no proration. 

The old Trenton field, which reached its peak of 11,300,000 bbl. in 
1904, declined steadily until 1934, when approximately 20,000 bbl. was 
produced. The oil is gathered entirely by tank trucks and distributed to 
industries in near-by towns, where it is used as a fuel. The producer 
receives $1.25 at the well for the oil. This condition has led to renewed 


TaBLE 1.—(Continued) 


c ¢ Average Oil Total Gas Production, Number of Oil and/or 
Total Oil Production, Bbl. Production, BbL M. Cu. Ft. Cas Wells 
6 During 
— S| 2 z 1934 
a ac) ° a . 
‘er To End of | During! Durin; Pe “ 32 ae o | nee Completed 

ond of 19337] 193 | Biz| © fES|Sz|ToEnd| & | & | Daily | toEndof | g | % 

Smo) 2B | 83] BS wl of 1934) | y | during) 1934 3s | 8 

pel <3 [40/E-8 | .g | 1934 a | 

‘a5| 58 |sSl sa 5/5 ais 

fae ae roe = (ope ee) eae Syl = 
1 46, 20,220 y y 0.2|8ra,2r0 | Qrrz} 1927) y 26,522 16 95 
late) ibe o 0| 0 5 | 0| 0 | 322] 163] 165% 0.5 Scx_ | 0 0 
3 o;- 60 0 82a “ 0 0 0 On 0 3rr 0 0 
4 spe 0 0 | 0 zs | z| 0 O| Ol) Ol 0 32n | (0 0 
5 VR ei 0 0 0 333 x 0 y| 7.6] 7.6] 0.5 45 1 2 
6 13cz,2c0 | 7,2a¢| 8,0rr = 1,495 x ‘ : y ° : : _ : 13 

30, 26, y : y 
Hi ee ag , 2,4c2) 309 oe _ Y 4 i xe : a 
9 6,422,rcx | 50,2cr| 74,c0x |202 y y 0.6 Qra | 46.2 | 49. 5 ; 
ll y |153,crx|150,0r0 |412 60.6) y 2.5 y 11} 28] 0.08 373 4 11 
12 22,are | 2,600) 2,200 6 y y 1 y| 584! 703} 2.2 86 3 7 
13 y |192,920 |222,4c2 554 y y 2.8 0 0 0; 0 240 1310 4 
14 y.| 20c0}- 17a | 4:7] y | y | 1.5 ee ae 0 0 
15 82,xcx | 17,2cr| 17,arx | 47.5) Sax y 3.1 0 0 0| 0 20 0 2 
16 y | 16,402} 13,1er | 36 y 7] 1.5 0 0 0} 0 54 0 0 
17 1,747,0x2 |168,02a |172,200 |470 3,452 y 7.4 0 0 0; 0 77 0 6 
18 y 6,zax| 6,52a | 18 y y 3 0 0 en) y 0 0 
19 3z,era | 12,070) 16,00 | 44 400 y 2.2 0 0 0; 0 26 5 0 
20 25,7272 y| 6,ccx | 20 625 y 5 1,lzz|} 220) 77) 0.3 24 2 2 
21 0 0 0 0 0 0 0 y 44} 89) 0.6 15 5 1 
22 35,20n | llerr| 8,7za | 28 290 y 1.2 0 0 0; 0 33 7 2 
210 es I ee ee 
5,8. 16 y y . 

35 oe rete e a5 1 dee 1 18 19| 0.7| 18] 0.05 ‘7 | 9 0 
26 120,147 | 49,460} 69,194 197 480 y 4 0 0 0; 0 51 18 8 
27 Ree 0| 38,2ra | 45 y y | 15 0 0 0| 0 5 5 0 
28 |120,955,arx |737,cxe |817,2027 1.9/8x2,00 | 1,585}1,595 y | 99 174 


7 f Mi ives 810,000 barrels. A = 
ieee old walls deepened from the 1200-ft. “sand” to the 1700-ft. ‘‘sand. 


oe 
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pumping of a number of wells that had been shut down. Natural 
gas production, which was at its peak in 1900 in the Trenton field, has 
declined, as has the oil production. It is impossible to determine the 
number of gas wells in operation and the amount produced, because they 
are so widely scattered and a great part of the consumption is rural. 
Recent completions in Jay County are responsible for the only increase in 
production in the Trenton gas field. Decatur County, the southernmost 
in this field, has the largest supply at present. 


TaBLE 1.—(Continued) 


Oil Production Character of Oil 
Number of Oil and/or Pressure, Lb. 
Gas Wells Average Depth, Ft. ry End per Sq. In. iy re | 
At End of 1934 Number of Wells} | endef | "at Go" Ir 
3 Bottoms | To Top of in 2 
3 be 3 of | oduc- 
B |B] wy] eO| ee | Productive | tive : 2 | sol § 
2 | ER/S2 22/5) _£[ Wells | Zone | Pumping | Airlift} _ {1983] 1934) 2 : E8| 3 
8) 5°28 213 a|l ae 3 “— to 8 | 5 = 
@ | 85|SalSaloa| Se = a)6 |s5|$5| 2 
4 | 82) £5 ES [£0 | 8 El 3S |= |2<|2"|2 
1 y 2er| O |8rx | Sax} 1,050-1,250 | 980-1,230 20x 0 |325) yl y | 388 | 24] 36 ly P 
2 0 0} O {1908} 190 907 886 y| 127|125 
3 0 0} 0 0 0 933 898 0 0 oie ae fs Ee 
4 0 0} 0 0 0 145 125 0 0 21/17 {19 |1.26) A 
5 2 0} 0 5 5 540 532 0 0 vy) yl y y| ul yvily y 
6 0 33) 0 0 33 920 890 33 0 y 1 | 30 | 30.5\y Pe 
7H (ESS 23) 0 | 13 36} 1,107 1,085 23 0 yy oy y 2 Rios, A 
1,126 1,112 
8 0 0} 0 | 39 39 680 650 y| 55) 52 
9 | 109 | 342) 0 9} 351 325 298 
56013 545 
667 640 342 0 vy} oul y | 35) 25] 31 ty My 
775 730 
810 800 
2,285 2,270 
il y 163) 0°} 17 180 ee ‘aie ites 
1250 244 ; 0 7] yi y 32 | 29 | 31 P 
12 0 5] 0 | 42 47 “ere ett 5 ¥ 
1, 1,130 0 {440} 390]150 | 39 | 36 | 38 M 
13 | 10 198} 0 0 198} 1,27014 1,250 x 
1,360 1,340 
1740 738 198 
, iy 0 32 iP 
14 y 3} 0 | 0 3] 1,734 1,728 3 0 : ; y * 1D 
15 0 15] 0 0 15} 1,335 1,317 15 0 36 | 32 | 34 ly P 
16 0 24, 0 | O 24) 1,169 1,161 24 0 vy) uly P 
17 | 21 36] 0 1 37| 2,125 2,100 
2,194 2,175 20 37 45.9 ie 
18 0 6} 0 0 6} 1,320 1,310 6 0 4 ' 36 ; M 
19 2 18] 0 2 20 728 714 
for | 805 | as 
2 0 0 yl sult y 34.7 Pp 
20 | 12 5} 1 | 41 10] 1,450 1,430 5 0 |s00| 545/s408) 41 ¥ 130 y | y 
21 0 0} 0 9 9 660 650 245 yl oy 
22 | guj 2210] 0| 22] 350 330 22 0 y) oly | vl oy] 34 ly 
23 | 1312 0} 0 0 0 850 800 250) yl y 
24 @ 3} 0 0 3 330 315 
1,350 1,340 3 0 Ul) aay 33 ie 
25 | 11 440] 2] 6] ‘610 580 a fed) lags Sgley de gi galeaigeetee 
26 y 51) 0 0 51 911 889 
1,031 1,007 51 0 28 | 24 | 26 ,; 
27 0 5| 0 0 5) 1,193 1,168 5 0 y| y| 27 0.4 P 
28 y |1,200) 1 \Taa | 1,920 1lzx 37 


8 Many additional wells supplying very local markets. 

9 Gas wells. 

10 Two were old wells deepened from the 1200-foot. ‘‘sand”’ to the 1700-ft. “sand.” 
4 Seven are gas wells. 

2 Have an available open flow of 12 million cubic feet. No market at present. 

18 Production is from one, two, three and/or four sands in same wells. 

44 Same well produces from more than one horizon. 

15 High because of water. 
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Decline in capacity of the Francisco gas field in Gibson County, and 
the consequent increased load placed on the Alford field in Pike County, 
led to considerable exploration for new gas supplies and development of 
already established fields in southwestern Indiana. The Francisco field, 
producing 77,000,000 cu. ft. last year, has declined without yielding 
nearly the amount of gas expected from it when it was developed. 
Adverse water conditions have been largely responsible for this. In the 
Oaktown gas field, in northern Knox County, nine gas wells were com- 
pleted in 1934. Of these, and those brought in during the previous two 
years, only two are marketing gas. Preparations are being made to 
extend a new and larger pipe line into this field, which at the end of 1934 
was only partly developed. Other developmental activity was seen in the 
Hudsonville gas field in southern Daviess County. Like the Oaktown 
field, this had not been completely outlined by the end of 1934. 

The Vanderburgh County oil field was completely outlined during 
1934 and has settled to steady production. Several completions in the 
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Deepest Zone Tested 


Character of a = 
Gas, Approx. Frodusiag Bick 58 to End of 1934 
Average Ss : 
during 1934 a z “ 
: j.| Be g\6 
cy 23 s Si 
a 4 3° Name Ageo cs ot ae 5 (Sm Name a a 
B18 i353 S| ¢ lee! 8 lesz 3 | 8 
Z| Fe |ba e | 2a] & ss a | 
e| 23 lite 5 3 —2 3 g 3 = = 5 
2 | aé (6 ee é | é | 2 ae" Lee 
1 | 950+] « | Trenton Ord D,L poe z| A {8,7 | Pre-Cam 3,996 
is 
Trenton Ord L&D| Por| y| y y|¥ 3,055 
: a “3 Trenton Ord L&D oe y y ax | Trenton 1,041 
or 
4 Unnamed Dev L Fis | zg |Trenton | , 1,010 
5 | 950 z | Chester MisU § Por | y i 28 | ‘‘ Mississippi’ 783 
6 y z | West Princeton PenL S |Pory! y y 26 | Chester 1,735 
rf y z | Mooretown, Oakland City MisU 8 Por | y 19 | Paoli 1,444) P 
8 | 954 0 | New Albany Dev H Fis | y| M 34 | Trenton 1,770 
9 | 970 0 | Unnamed PenL 
1st sand PenL 
cet sang oo 
3rd sa. e! } 
ath pond oes : ye y | MUy | 651 | “Niagaran”’ 2,328) P 
“Niagaran” il or| ¥ y 
11 | 950 0 | Cypress, Mooretown y MisU SL) y - 62 Paoli EE 1,632) P 
12 y Q | Oakland City, Brown MisU 8 iP y| A 32 | “Miss” lime | 1,413 
13 Sample-Paoli, Cypress-Paoli | MisU 8 P y| A 44 Harrodsburg 2,050) P 
14 Chester MisU 8 P y y y | Chester 2,105) P 
15 Oakland City MisU 8 P y y 12 | Mooretown 1,352] P 
16 Veale sand MisU LS a Pee oy ee 51 | y 2,618) P 
17 “Niagaran”’ Sil LS P y y 10 Trenton , 3,534) P 
18 Bethel aa 2 - y | MC e ene 2 rue ene 
C s, Mooretown Mis y y iss’’ lime Ps 
20 957 ° “Brown” sand MisU $ 90 | 15] A 5 Ord. a 4,006 
21 | 955 y | Elwren MisU tS) ip y y LG Miss”’ lime | 1,021 
22 y Q | Cypress, Elwren MisU 8 P y | ML 15 | “Miss” lime 710 
23 | 980 0 | ‘*Corniferous’”” De, D P y| A 4 | Trenton 2,102 
af en fate 
a # y Ee end City” Mis i) P y| A 10 | “Miss” lime | 1,638} P 
25 | 952 0 | Unnamed PenL 8 Pp y| M 11 | Chester 1,593 
26 y 0 | Mansfield PenL i] PB y| M 20 | Glen Dean 1,795 
27 Mansfield PenL 8 22 | 30 A 4 | U Chester 1,580 
y 


ese ee A on oe ee 
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Troy field in Spencer County increased the number of producing wells. 

Indications are that the Blairsville field, in Posey County, discovered 

in 1934, will be developed into a nice oil field. A number of wildcat 

wells drilled in Dubois County in the last eight months of 1934 failed 

to locate any noteworthy production. 

: No water drives or repressuring have been attempted in Indiana to 
date. One well in the Emmison lease in. Johnson township, Knox 


TaBLE 2.—Summary of Drilling Operations in Indiana 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1935 Completed during 1934 illing or 

CR oh haste es ae, see Incomplete 

Dry and/or Near-dry Holes | produc- | Dry and/or Near-dry Holes | prodyc- af Dy af 

SS a ee tive 1934 
Goaniz Total Depths, Ft. Wells | Total Depths, Ft. Wells 
ole | elie 23> 63 
3 |S E (8/2 || ete! 2 | & | rom) S22] | 2 
= 2 = aes s 
Elalgieis| jsde| 2/2] 2} |ss2| ee | ss 
t/Si/R/8/8 es 4 = a Se = 5 i 
Northeast 
1] Adams........... zl] 2271 0} 0] O} 2380] 1802 0 1 0 1 0 0 0 
2 | Allow. sion: teet Oo} 0} 0 3 4 0 0 0 0 0 0 0 
3 | Blackford........ 9x | 282] 0} O} O| 37x] 1891 0 0 0 0 0 0 0 
4 O588 Go soeveletein atid 5 0) 00 7 x 0 0 0 0 0 0 0 
5) Decatur... <i. «1% aot! dz} 1:) O} O} Oe 3rx 0 0 0 0 1 0 0 
6 | Delaware......... ia:| Sach 0: 0) 0 62a | 2537 0 0 0 0 0 0 0 
WA) Delsallb. Seefmerays « z z} 0} O| 0 x z 0 0 0 0 0 0 0 
$'| Franklin... 0.2... 0 ai 2 Q'}. 0 5 0 0 0 0 0 0 - 0 0 
9) (Grantee. ..iseu stents 3ez | 2zz| 0] O| 0} Glz} 6258 0 0 0 0 0 0 1 
10 | Hamilton......... z| 0} OF 0 lz 34 0 0 0 0 0 0 0 
11 | Hancock......... z| ve 0} O} 0 IE Izzr 2 0 0 2 2 0 0 
PON bemry ss osc seats si rr 20) 07] 0 Ir 2x 0 0 0 0 0 0 0 
13 | Howard.......... Oren ote Oe R28 rr Bid 0 0 0 0 0 0 0 
14 | Huntington....... 3a} 92} O} Of} O| 182] 1988 0 0 0 0 0 0 0 
15'| Jasper... aston t au zw 0} Ob 6 zz 2Quz 0 0 0 0 0 0 0 
63) Sayan chro ssecrcrn es 6x | 502) 0 1 0} 562 | 2243 0 i 0 1 il 2 0 
17 | Jennings......... 0; Iz} OO} O} O lz 12 0 0 0 0 0 0 0 
18} Madison......... 27x| 32) O| O} O| 3802 347 0 0 0 0 0 0 0 
19 | Marion.......... 18 aa} 2] 0 23 61 0 0 0 0 0 0 0 
20)) Miami... ven), ante © 2) OO 0 ly 0 jaloe 3ax 0 0 0 0 1 0 0 
21 | Randolph........ z| 272} 0} O| O| 28% 542 0 0 0 0 1 0 0 
22: ROSS: nce sin otaiete 2a za: O01 0) OQ ux lzx 0 0 0 0 0 0 0 
23:| Shelby... <0... ..¢ 2x a Oh OW 6 bed Ed 0 0 0 0 0 0 0 
24 | Switzerland....... 3 2} 0} 0} 0 5 4 0 0 0 0 0 0 0 
25:1 Tiptom.....ccss cress 1 a 0} 0 0 o ra 0 0 0 0 0 0 0 
26 | Wabash.......... In 3; 0') @] O lz 22 0 0 0 0 0 0 0 
20 Wells teeniertects ate 8| 297} 0} 0 0| 302 | 4697 0 0 0 0 0 0 0 
28 | Fountain......... 0 21 12 0; 0 3 0 0 0 0 0 0 0 0 
Southwest 

29 | Davies........... 60] 33) 1 0; 0 94 120 0 1 0 1 5 0 0 
30)} Dubois ...4. 000.6% Li t2)) 7 a a 14 13 7 0 0 7 12 0 0 
St | '\Gibeon'...eeee. ae 3x | 24r) 4 1 1 27a 515 3 5 0 8 ll 0 0 
32:| Green....c..caeine x 3} 2) 8 ke 0 5 0 0 0 0 0 0 1 
33 | Harrison......... 30 4) 0} O}¢ 0 3a 110 0 0 0 0 1 0 0 
O4)| Knox it .iveneieaes 49} 22) 3] 0 0 74 49 4 2 0 6 9 0 0 
35 | Monroe.......... Lida) 2 0 0 17 13 0 0 0 0 3 0 0 
8G) | Beptys 7. ...:csic chee 79 3} 0} 2b O 82 31 9 1 1 ll 7 1 0 
Si Bikol «: teas, 15¢ | 2rz| 2 0 0 35x 544 1 3 0 4 1l 0 0 
38 | Posey.....003 00.0% 1 5} 0} Ob O 6 5 0 4 0 4 5 0 0 
39 | Spencer.......... 26] 42; 0} 0} 0 68 42 2° 1 0 3 5 0 0 
40 | Sullivan..........}4¢r] 2ea] ir |] 0] O| 6az 1070 3 1 1 5 8 0 0 
41 | Vanderberg....... 9) 26) 250 hr 8 27 51 3 19 0 22 18 0 0 
A2i'| VINEO icing sfnisis ctatert z| 21) 17 1 0 39 95 0 0 0 0 12 0 0 
43 Warrick itdeie Geaslagt L} 20) \ 1 0 0 23 2 0 0 0 0 12 0 0 
44 | Washington...... 14 1} 0 0 0 15 3 1 0 0 1 12 1 0 
Potals...... 0.0 y y| 4a | 4 1 y y 35 39 2 813 103 4 2 


tx =1to 9; cx = 10t099. 2 Not within any field, therefore not in Table 1. 
3 Five were exploratory in counties not included above. , 
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County, was treated with acid. A marked increase in production was 
noted, but details pertaining to it are lacking. 


Ro 


The writer wishes to thank Messrs. C. A. Mallott, R. E. Esarey and 
R. G. Freed, of Indiana University, for information supplied on the 
Blairsville, Francisco and Unionville fields; Mr. W. H. Cordell for help 
in collecting data; Mr. J. K. Kerr, of the Ohio Oil Co., Mr. A. F. Lager, 
of the Siosi Oil Co., and a number of other producers in the state for 
information supplied. 


Oil Development and Production of Kansas in 1934 


By Marvin Lez,* Memper A.I.M.E. 
(New York Meeting, February, 1935) 


Kansas retained, for the eighth consecutive year, the fourth position 
in the list of oil-producing states. The total crude-oil production during 
1934, as reported by purchasers to the State Corporation Commission, 
was 45,538,564 bbl. on 97 per cent tank table ealculations of the pur- 
chasers, or 46,946,973 bbl. as carried on 100 per cent measurement in 
U.S. Government reports. The corresponding figures for 1933 are 
40,008,940 and 41,236,021, respectively. 

The increase of production over 1933 was due to the rising demand 
for oil from Kansas, caused principally by three factors: the continued 
regulation of the producing branch of the industry by Federal and State 
authorities, which had the effect of reducing illegal production that has 
been so destructively competitive with Kansas crude and refined prod- 
ucts; the normal decline of production in other areas; and, last and best, 
general increased demand of the public for petroleum products. 

The price level remained unchanged for the first time in oil history 
for so long a period. Kansas 36° gravity crude remained at $1 per 
barrel from September, 1933, and throughout 1934. Price stability and 
the confidence in the regulation of production to meet the consumer 
demand, which is increasing, brought greatly renewed interest in Kan- 
sas fields. 

Drilling activity has been largely in the western part of the state where 
expiration of leases, on large blocks of acreage, assembled before the 
depression, is forcing either action or loss of the lease investment carried 
for a long period. ‘The drilling of these many blocks of acreage, previ- 
ously assembled on geologic information, has caused the opening of more 
fields than during any previous year of Kansas oil history and is pro- 
ceeding faster than anticipated a year ago. Interest grows within a 
successful enterprise, and the momentum caused by the successes of 
1934 will continue in 1935 unless unusual conditions arise and end the 
apparently good opportunity for financial return. 

Geological exploration methods used in new field discoveries are shown 
in the tabulation of new discoveries (Table 3). 


Manuscript received at the office of the Institute April 15, 1935. 
* Consulting Petroleum Geologist, Wichita, Kansas. 
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Daily 


at 97% Tank | Average 
Table Meas- | during 


1934 


140 
326 
0 


3 Area Proved, Acres . : 

& (Approximate) Total Oil Production, Bbl. . 

ena Se | Se BT a ee 

- a Daily Per Cent ° 
Field, County a ek Average | Allowed. | During 1934 

tal & Oi | zy Total Se a Bud of 

oO, Ss at Kind o: ecember, 

&s 2/8 1934 1934 a 
Abbyville, Ne era eee 1 SSCS 8.0 100) 100} 0 100 816 26.47 51,065 
Atyeo-Pixlee, Lyon-Greenwood....| 9.1] 1,000} 0 0} 1,000 382 88.79 118,815 
Aldrich, Ness. os. cc cers 6.0 10) 0] 0 10 y | 00 0 
Augusta North, Butler. . ..| 18.0} 1,250 0} 0} 1,250 1,384 86.41 379,135 
Augusta South, Builer.......... 18.0} 11,000} 0} 0} 11,000 1,542 86.41 427,558 
Beaver, Barton.....0.-..-++++++ 0.1 40) oO; 0 40 0 2,040 
Bentley, Sedgwick.............- 0.7 10 0| 0 10 45 67.73 3,048 
Benton, Butler hee Ne fens t ec 9 40 0} 0 40 28 86.41 7,063 
PRY er nACe ene cten tre rtr silane 4 100} 0} 10 100 744 48.73 144,159 
Bisons Bushs. soo eels ieee: 40 40 40 y 
Brandenstein, Rice............. ati 40 40 2,770 16.29 137,841 
Breford, Ellis-Barton........... 2.3 80 80 1,025 38.00 109,985 
Browning, Greenwood........... 3,800 3,800 859 89.52 274,766 
Burden, Cowley............+055 1,200 1,200 799 77.07 149,752 
Burkett, Greenwood............. 2,660 2,660 278 100 102,664 
Burrton (Mis Ls), Reno-Harvey..| 3.8] 5,000 5,000 9,141 38 1,125,653 
Burrton (Hunton L), Reno-Harvey 3,000 3,000} 29,661 11.49 329,450 
Caldwell, Sumner............-. 5.7 160 160 421 41.02 71,856 
Carson, Cowley..........-.-.+- 9.3 400 400 310 86.41 102,074 
@hases Ricéa. 7 seae se scisicn snes 2.1) 1,000 1,000} 25,443 25.30 1,661,152 
Chindberg, McPherson.......... 5.0 700 700 y 
Churchill, Sumner.............. 8.5} 1,000 1,000 1,382 80.18 425,987 
Clark, Cowley se eee eae 200 200 53 86.41 16,016 
Climax, Greenwood............- 100 100 68 86.41 17,431 
Coffey Miscellaneous, Coffey..... 150 150 37 89.52 10,984 
Covert-Sellers, Marton, «6.0000 2,400 2,400 335 86.41 106,857 
Cowley Miscellaneous, Cowley... 500 500 385 89.52 95,017 
Cross, Sedgwick............-++- 5.8 30 30 88 67.73 9,564 
Curry (abandoned), Sedgwick....) 5.1 y y 0 
Cunningham, Kingman......... 4.0 800} 800 800 5,390 33.99 469,843 
Davidson, Barton.........-...- 4.8 10 10 
Demalorie-Souder, Greenwood... . 4,480 4,480 868 89.52 235,167 
De Moss, Butler... 2... sce 33 73.95 
WDIGIGOR EAU ars oracle is adestav nares chet 1,500: 1,500) 161 100 56,864 
Diller: Busse 22 8 o2 .i00 ane ore 4.7 40 40 74 70.84 10,243 
OPA, OWNS: rare 0.515 64.» oc tears 0.6 40 40 y 
Douglass, Butler..........-.-.. 2,400 2,400 178 56,111 
Eastborough, Sedgwick.......... 5.3] 1,000 1,000 1,795 70.84 487,678 
Eastman, Cowley..........-.++. 700 307 89.52 93,542 
Fast Kansas (Shallow), Several 

counties in E. Kansas..:...... 250,000 250,000 5,975 100.00 2,045,034 

BHlbing; Butler. «2... .0.+<eseea 16.2} 1,800 1,800 1,266 83.29 422,355 
El Dorado, Butler............+- 19.3] 26,000 26,000) 13,475 89.52 4,348,745 
Elk West, Miscellaneous, Elk... . 1,000 1,000 204 89.52 ,280 
Ellinwood, Barton...........-.. 2.5 160 160 3,926 29.08 299,232 
Eureka Townsite, Greenwood..... 1,200 1,200 60 100.00 21,861 
Fairport, Russell.........+--0-- 11.1] 2,000 2,000 67.731 
Fairport North, Russell......... 6.5 200 200 5,505 1 1,412,620 
Fairport South, Russell-Hllis..... 8.7} 1,500 1,500 1 
Fall City, Cowley..........--++- 400 400 60 100.00 22,963 
Fankhouser, Greenwood-Lyon..... 2,500 2,900 194 100.00 66,357 
Ferguson, Elk-Cowley........... 400 400 958 46.78 99,595 
Fink, Russell...........-. e 0.1 40 40 298 30.93 976 
Florence-Urschell, Marion....... 3,000 3,000 248 86.41 47,997 
Fox-Bush, Butler...........0.55 5,000 5,000 734 100.00 236,958 
Garden-Shaffer, Butler.........- 1,600 1,600 1,269 83.29 358,766 


« Footnotes to column headings and 


explanation of symbols are on page 249. 


1 Fairport production represents total for Fairport, North Fairport, South Fairport. 
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TABLE 1.—(Continued) 
i-] 
= Pr * GMS -Deepest Zone Tested 
pancine Pork 33 to End of 1934 
I Bea 
3 pst 
g % - 3 |Apa 
4 Name as Used Locally 1« Ageo SS | 2 lays Name Depth of 
Ei g @ 6 |\Gka Hole, Ft. 
EB Geach Be eee 
; us| rs) s a 5am 
1 | Lansing-Kansas City Pen L 1 | Lansing-Kan: i 
2 Bartlesville sand Pen s | Mss Gap cline a 37001 ?) 
y y 0 ly 
4\y y Ss A y | Pre-Cam 
5|y y ) A y | Pre-Cam 
6. | Siliceous Ls Cam-Ord D AM 0 | ‘‘Siliceous’”’ Lime 
7 | Kansas City Pen L MT 0 | Ord 
8 | “Chat” & Mis L, Cav y 
; 9 | Conglomerate and Siliceous Ls$ | Pen, Cam-Ord | L, Cav A 3 | ‘‘Siliceous’”’ Lime 
¢ 10 | Reagan Ss Cam § Por| D y |Cam 
11 | Lansing-Kansas City Pen ones 6 | ‘‘Siliceous’’ Lime 
12 | “Oswald” Lime,? Siliceous Ls | Pen, Cam-Ord | L, D AM 1 | Pre-Cam 
13 | Bartlesville sand Pen iS} ML y \y 
14 | Bartlesville sand Pen 8 D y ly 
15 | Bartlesville sand Pen § ML y ly 
16 | Mississippi Lime is L Af “Siliceous”’ Lime 
17 | Hunton Ls Sil-Dev D Af “Siliceous”” Lime 
18 | ‘‘ Wilcox” sand Ord iS) D 1 | Ord 
19 | Layton sand—Sil Ls Pen, Cam-Ord y \y 
20 | “Siliceous”’ Lime Cam-Ord D A 4 | “‘Siliceous’”’ Lime 
21 | Mississippi ‘“‘Chat”’ Mis L Cay A 2 | Ord 
22 | Stalnaker sand Pen Ss D 13 | “Stalnaker’’ sand 
23 | Bartlesville Pen 5 ML y \y 
24 | Mississippi lime Mis L MT mp \he ; 
25 | y y y y y |¥ 
26 | Viola(?) Ord L-D AM y \y 
27 | y : ; y y y y |y 
28 | Kansas City-Lansing Pen L 2 
29 | Simpson ; Ord D 5 | Ord 
30 | Lansing-Kansas City Pen L D 2 | ‘‘Siliceous’’ Lime 
31 | ‘“‘Siliceous’’ lime Cam-Ord D AM 0 
32 | Bartlesville Pen 8 y \y 
33 | Bartlesville Pen 8 ML y ly 
34 | Mississippi lime Mis L y 
35 | “Siliceous”’ lime Cam-Ord D 0 ly 
36 | Lansing-Kansas City Ls Pen L 
Siliceous lime Cam-Ord D 0 ly 
37 | Lansing-Kansas City Ls Pen L 
y Ord y A y \y 
38 | Mississippi lime Mis L D 12 
Viola lime Ord D 
39 | Bartlesville sand Pen ) D y 
40 | Several horizons; most are sands | Pen 3 P y 
ML 
41 | Viola or “Siliceous”’ Ls Ord or Cam-Ord| D D y 
42 | Penn sands and limes Pen §, L D-Af y | Pre-Cam 
Mississippi Ls Mis 
Viola, “ Wilcox” “‘Siliceous”’ Ls | Ord-Cam-Ord | D-S-LS 
43 | Mississippi, lime Mis L y y 
44 | “Siliceous’’ lime Cam-Ord D 2 
45. | Mississippi lime Mis L A y 
46 | “Oswald’’ lime Pen L A 8 
47 | “Oswald’’ lime Pen L A 4 
48 | “Oswald’’ lime Pen L A 6 
49 | Kansas City lime Pen L y 
50 | Bartlesville sand Pen Ns) ML y 
51 | Lansing-Kansas City Pen L AM y 
52 | Lansing-Kansas City Pen L 0 
53 | Viola or “Siliceous’’ Ls Ord or Cam-Ord| D AM y oo ‘ 
54 | Bartlesville sand Pen S ML y | ‘‘Siliceous’’ lime 
55 | Bartlesville sand Pen Ss 
Mississippi Ls Mis L y 
Viola Ls Ord D 


1a “‘Siliceous” Lime is frequently referred to as Arbuckle, Cam-Ord, 
“Oswald” is a local name for production in Lansing-Kansas City Lime-Pen. 
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Taste 1.—(Continued) 
Z Area Proved, Acres Total Oil Production, Bbl. 
gq (Approximate) : 
w £ 3 z 
Daily Per Cent . : 
E Field, County et he Average | Allowed. | During 1804 |, Dany, 
>3| Ol |Z Total | Potential | at End of Jari 
a oe a at End of | Decem! Table Meas- 1934 
a fs #|3 1934 1934 ee 
A pS A ee ee eee 
56 | Gates, Stafford...........+.-+-- 1.5 320 320 1,960 25.30 80,744 221 
57 | Geneseo, Rice....... Pabucemaae 0.5 40 40 5,020 15.43 shee 162 
58 | Geneseo Townsite, Rice........- 0.1 10 10 y ined 3 
59 | Gideon, Russell......... nee on 4.5 40 40 25 80.18 Pele 556 
60 | Goodrich, Sedgwick............- 6.1 260 260 868 53.65 ' 
61 | Gorham, Russell.............-- .2| 1,500 1,500} 4,115 48.73 497,399 1,362 
62 | Gorham (Deep Sand), Russell... . 250 250 187 77.07 31,263 A 
63 | Graber, McPherson........----- 0.5 50 50 1,981 18.86 38,822 4 
64 | Graham, Cowley..........--.-- 300 300 160 86.41 51,864 a 
65 | Greenwich, Sedgwick..........- 5.6 400 400 5,846 39.91 896,933 i 
66 ee Ae oe gees 3.4 10 10 y y y 
us, Green- 
nell corse et aes 1,000 1,000 100.00 31,858 | 87 
68 | Grove, Rice.......¢-..+++-+---+| 0.5] 2,000 2,000: 8,247 18.86 76,802 210 
69 | Hadley, Bilie........-- 2200+. 5.4 10 10 24 53.65 4,434 
PAU SAU Y TEL UNA pe earige Mean 2 ae 3.5 120 120 594 23.00 y 
71 | Halstead, Harvey............... atl 160 320) 320 142 53.65 29,615 81 
72 | Hamilton, Greenwood........... 3,000 3,000 770 89.52 261,240 716 
73)| Hanna, iba cee ces oto ee 400 400 50 100.00 21,006 57 
74| Haury (Mis Ls), Reno.........- 4.3} 2,000 2,000 1,782 38.92 236,719 649 
75 | Haury (Hunton L), Reno........ 3,000 3,000} 42,724 13.81 416,835 1,142 
76 | Haverhill, Butler............... 8.0 700 700 450 89.52 150,802 4lo 
77 | Haslette, Butler. .teacdeet o.- - 44 86.41 7,436 20 
78 | Heiken2, Hllsworth.............- 4.2 40 40 269 56.87 61,511 168 
79 | Hesston, Harvey.............-.. 0.3 40 40 124 48.73 3,354 9.2 
80)| Hilger, Reno. ...- 2.62.08 -sciee = 0.7 100 100 978 25.30 47,122 129 
81} Hillsboro, Marion.............- 6.2 300 300 709 60.88 156,248 429 
82:|| Battle, Cowley... o«- csceendieres 300 300 140 89.52 42,418 162 
83'| Hollow, Harvey)... -¢s0.0+-6 3.0} 1,500 19,231 38.00 3,379,788 9,260 
'84:|' Howard, UR screeners en 160 160 16 100.00 4,773 13 
85 | Isern, Rice-Barton.............. 3.1 40 40 1,968 25.30 147,063 402 
86 | Johnson, McPherson............ 2.8} 1,000 1,000: 5,830 36.36 675,930 1,852 
87 | Kechi, Sedgwick................ 5.6 10 10 144 41.02 10,013 27 
88 | Keighley, Butler................ 9.0) 1,600 1,600 226 100.00 81,672 224 
80)| Kramer: Butler... 0.5 2.0 nee 8.0 500 500 1,167 70.84 286,725 785 
90 | Kruse (Abandoned), Rooks... ... 7.0 y y y 
91 | Kuske, Sedgwick...............- 5.9 10 10 21 80.18 6,560 18 
92 | Lamont, Greenwood............. 7.0} 2,600 2,600 481 100.00 174,473 478 
93 | Lanterman, Barton............. 0.1 10 10 0 0 0 0 
OA Maton, ONE ae. ves cwes owen es 7.6 30 30 109 70.84 17,092 47 
95 |. Latta, Sumnefic..sscs...e.+ +a 7.5 300 300 152 80.18 45,275 124 
96:| eon) Butler acc. acic ea vice ssc t 500 500 96 100.00 32,098 88 
97 | Lorraine; Ellsworth............. 0.1 10 10 526 24.29 628 20 
98 | Lost Springs, iIMarion:5 case tee 8.0) 2,400 2,400 567 86.41 127,543 349 
99 | Madison, Greenwood............ 3,000 3,000 1,010 89.52 302,383 828 
100 | McCarty, Hdwards............. 5.5 80 80 20 89.52 3,028 8.3 
101 | McPherson, McPherson......... 6.7] 2,000 196 83.29 32,762 90 
102 | Miller, Russell...............05 2.7 ? 214 46.78 34,995 96 
103 | Moline Townsite, Hlk........... 300 300 261 89.52 85,231 233 
104 | Murphy, Cowley............... 40 40 y 0 0 0 
105 | Neola (Abandoned), Stafford....| 0.7 10 10 0 0 4,837 13 


2 Tnitial pressure, 3234 Ib. per sq. in.« 
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Number of Oil and/or Gas Wells 
ee At End of 1934 
1934 ON 
23 >a S 3 
5 S G2) 
B= |E/sleel2 |Belez| 2 
as /2)8/2/2-(8_|8°] 5 
Be |e |e | salseleelse| 2H 
ar 51a an ae as Eo ae 
4 By AD tC) A Ol 0 4 
3 35 0-1-0 Bia) eal 3 
1 1 0 f| 02) 10 1 
1 0} 0] 0 f 04) 40 1 
14 Hii} a/0)i 40 14] 0] 0 14 
35 9] 0] 0 35 | 0} 0 35 
6 Or .07 0 6| 0} 0 6 
2 251101), 20 Pi Oly @ 2 
15 
ayes cy a el 38 
1 
38 38 
5| 0 7 7 
1 1 
iy 2 
2 2 
90 90 
19 19 
VN ) 11 
ial feo y| y| 0 21 
y| y a a) e 
4 0| 0 A} 01 0 4 
B 2) 01 0 2 041 10 2 
2 2) 0} 0 Pall inl 2 
12 
16 
112) 023.29" (0° ||| 106.) | 10 108 
4 ial] |) =) At 0) 40 4 
2 ee Oy | ey 31 
4/ 0O| y ON Bela 1 
68 
30 
1 
1 
106 
Tt gO) oO) 0 0 0 
1|-0 3 
7 
27 
a F 
2 y y|) yl y 
119 7] y 119 
2 
31 0 8 
1] 0 2 
3 OF Tey) a ed 33 
fl 210'); 0 Ail) 10! | 40 0 
1 1 


, . Character 
Oil Production of Oi 
Average Depth, Ft. Methods at End Approx. 
of 1934 Average 
during 1934 
i Number of Wells 
Botti Gravity 
hee todo i P. Tat 
‘| Productive | Productive 60° F., 
Wells one : 5 Weighted 
Flowing | Pumping | Average 
3,705 y 
3,172 39 
3,239 38? 
3,329 36 
13550 
3,350 37 
3,065 34 
3,317 37 
3,305 41 
eee y 
3,327 y 
3,428 43 
3,241 47 
3,000 35 
3,350 39 
42 
39 
3,356 40 
4,067 40 
2,805 42 
3,517 43 
3,329 46 
3,000 37 
3,060 36 
3,255 42 
3,125 30 
3,040 40 
3,205 41 
4,545 35 
3,000 37 
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TaBLe 1.—(Continued) 


, 5 Deepest Zone Tested = 
Producing Rock 3s to End of 1934 
a 
My s cil 
z A BAS 
q 3 $ z a Depth of 
i ' 
% | Name as Used Locally Ages e|e\é Eu Name Hole, Ft. 
© S 2 |8 ee 
E é|2| 4 b= 
56 | “Siliceous’’ Ls Cam-Ord D A 4 . 
57 | “Siliceous” Ls Cam-Ord D D 0 
58 | Basal conglomerate Pen 8 A 0 
59 | Lansing-Kansas City Pen OL , 2 
60 | Kansas City L Pen 
Mississippi lime Mis L 
Viola lime Ord D D 7 
61 | “Oswald” lime Pen L D 10 | Pre-Cam 
62 | ‘Granite Wash’’ 
Pen conglomerate Pen GW y 
63 | Hunton lime Ord D ee PA 
64 | Layton sand. Pen 8 aie Siliceous lime 
65 | Mississippi lime Mis L D 20 | “Wileox” sand 
Viola lime-“ Wilcox” Ord D-S 
66 | Basal conglomerate Pen § D 1 
67 | Mississippi, Viola Ls Mis L 
Ord D AM y 
68 | Lansing-Kansas City Pen 
“Siliceous”’ lime Cam-Ord A 0 
69 | Lansing-Kansas City A 1 
70 | Lansing-Kansas City Pen L 
Basal Pen conglomerate Pen GW 0 
71 | Mississippi “chat” Mis L D 5 
72 | Bartlesville sand Pen 8 ML 7 
73 | Lansing-Kansas City Pen L y te 3 
74 | Mississippi ‘“‘chat”’ Mis L Cav} Af “Siliceous’’ lime 
75 | Hunton lime Ord D Af 
76 | Bartlesville sand Pen § ML y 
77 | Mississippi lime Mis L AM y 
78 | ‘‘Siliceous’”’ lime Cam-Ord D 0 
79 | Hunton lime Ord D A 0 
80 | Viola lime Ord D A 1 
81 | Viola lime Ord D D 7] 
82 | Lansing-Kansas City Pen L y 
83 | Lansing lime, Pen 
Mississippi lime, Mis L 
Hunton Ls, Wilcox sand Ord 5 Af 9 
84} y , ] y y y 
85 | Siliceous lime Cam-Ord D AM 4 
86 | Mississippi “‘chat”’ Mis L Cav A 6 
87 | Basal Pen Pen S ML 4 
88 | Bartlesville Pen 8 ML y 
89 | Viola Ord D MC y 
90 | y 0 
91 | Basal Pen Pen NS) ML 4 
92 | Bartlesville Pen 8 ML y 
93 | Siliceous Ls Cam-Ord A AM 0 
94 | Lansing-Kansas City Pen L D 4 
95 | Lansing-Kansas City Pen L A 6 
96 | Bartlesville Pen 5 ML y 
97 | ‘‘Siliceous”’ lime Cam-Ord D AM 0 
98 | Mississippi ‘‘chat’” Mis L Cav MT y 
99 | Bartlesville Pen 5 ML y 
100 | Basal Pen Conglomerate Pen L Cav A 0 | “Siliceous’’ lime 
101 | Lansing-Kansas City Pen L D 6 
ied Mississippi “‘ chat’’ Mis L Cay 
y 
Py Mississippi lime Mis L 4 4 ; 
105 | Viola lime Ord D y 0 
a (a ee eee se) meee Pe ae i i 
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TasLE 1.—(Continued) 
ES “gyi at Total Oil Production, Bbl. 
& f % Dail: Per Cent 
Fi 2 y er Cent . fi 
g ield, County 3 x _ ee Average | Allowed Dene aoe ieee! 
Z S| ol-| 3 Total | Potential | at End of | 9¢ 97% tank | Average 
2 on 8 at End of | December, | able Meas- | during 
a Ss a & 1934 1934. | urement 1934 
106 | Niedenthal, Russell............. 0.3 80 80 1,575 23.00 0 
107 | Nikkel, Harvey-McPherson...... 2.2) 1,200 1,200} 27,858 23.00 2,103,035 5,672 
108 | Ochs, Russell...............--- 5.1 400 400| 3,097 28.20 159,430 437 
109 Orth; Bice... oo... 2 stews e ce cinw es 2.5 600 600 635 43.58 110,301 302 
ATOM pOtis: Rashi decsetls, cetteeee ote: 2 sis 0.5 10 27 39.91 4,009 11 
AIG) | Oxford; Stemner..c2'020< 20-022 7.5 600 600 1,024 83.29 335,672 920 
112 | Oxford-West, Sumner........... 8.5 100 100 87 83.29 25,293 69 
113 | Padgette, Sumner.............. 9.5 300 300 570 80.18 141,691 388 
114 | Peabody, Marion.............- 16.0} 3,000 3,000 329 89.52 98,397 269 
115 | Plainville, Rooks..............- 1 10 y 0 0 
116 Ploog, RULES neat Rie Ene ee Sial eee 160 160 1,278 23.00 51,259 140 
117 | Potwin, Butler............. < 3,000 3,000 1,692 77.07 307,929 844 
118 | Quiney, Greenwood...........-.. r 3,500 3,500 323 89.52 119,840 328 
119 Rainbow Bend, Cowley i 2,000 2,000 1,306 86.41 402,199 1,102 
120 | Rainbow Bend West, Cowley....| 9.6 60. 60 86.41 
121 | Rapp, Sedgwick..............-- 10 10 27 77.07 6,439 18 
NZQA Raymond, Rice’to pst 22cis) <> « 5.4 600 600} 12,959 25.30 786,738 2,155 
NOB era, LEGO asic oie '= is =rs12 qa Se 5.6 40 40 y 0 0 0 
124 | Reece, Greenwood. . oe 1,200 1,200 249 83.29 61,623 169 
125 | Richardson, Stafford. . 4.3 400 400 5,852 23.00 398,126 1,090 
126 | Ritz, McPherson... ..:..5...---- 5.4] 13,000 13,000) 15,559 50.99 4,589,650 | 12,574 
127 | Rock, Cowley........-.....-+.- 200 200 84 100.00 30,253 83 
128 | Robbins, Sedgwick............. 5.6 800 800 7,711 30.93 355,880 97.5 
129 | Russell, Russell3................ 0.9 400 400} 13,805 16.79 191,252 53 
130 | Russell (Oswald), Russell........ 100 100 1,457 21.60 24,166 66 
131 | Sallyards, Greenwood-Butler...... 7,700 7,700} 865 10.00 308,145 844 
132 | Schulte, Sedgwick.............- 0.7 1 10 209 35.28 25,613 70 
133 | Scott, Greenwood..............+ 2,500 2,500 299 100.00 112,070 307 
134 | Seeley, Greenwood.............. 7,000 7,000 1,486 100.00 537,072 1,471 
135 | Sellens, Russell...........-..-.. 5.5) 1,200 1,200 1,889 41.02 207,132 567 
136 | Severy, Greenwood-Elk.......... 200 200 18 100.00 6,258 171 
MOU | WALDO; SAECE wsegccsare, a occ, s2 cis iste = 0% » 3.8 700 10 700} 15,540 23.00 875,946 2,351 
138 | Shallow Water, Scott...........- 0.1 160 160 572 24.29 0 0 
129) Shuths, Huts... hee ce te wie coe 6.1 100 100 934 53.65 160,431 440 
140'| Smith, Cowley. .........--000-- 200 200 96 89.52 27,456 75 
141 | Smock-Sluss, Butler...........-. 1,500 1,500 214 100.00 79,985 219 
142 | Sperling, Harvey..............- 0.0 10 10 0 0 0 0 
NAS Staten COWY cas bru is oea ae siacus 400 400 294 86.41 66,071 181 
144 | Steckel, Ricé....c.cc en ewc ccwees 2.8 40 40 210 46.78 34,866 58 
145 | Steinhoff, Butler...............- 380 30 125 43 .58 0 0 
146 | Stoltenberg, Ellsworth.........- 3.5 200 200 9,631 25.30 614,898 1,685 
TAT STONOs SENOS falas. 16. feseinieiele)s/-s 0.3 40 355 24.29 9,739 
148 | Stratmann, Ellsworth........... 3.4 200 1,325 53.65 352,561 
149 | Straub, Barton............-...- 0.4 40 45 67.73 191 
150 | Sumner: Miscellaneous, Sumner..|  y 120 25 89.52 7,287 
151 | Teter, Greenwood-Chase......... 2,600 952 100.00 314,941 
SA @ 0s The 129 a or 1.3 120 1,061 24.29 56,115 
153 | Thrall, Greenwood.......-. 0.05. 7,000 865 100.00 307,562 
154 | Valley Center, Sedgwick4........ 6.4} 1,500 3,260 64.62 741,610 
155 | Virgil, Greenwood...........-.-- 18,000 1,724 100.00 631,962 


t 


. 


| 


3 Russell wells, tabulated last year, typographical error; 46? should have been 42. 
4 All drilling, 1934, was te Kansas City lime which was acid treated. 
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TaBLEe 1.—(Continued) 


Character 
Oil Production of Oil 
Number of Oil and/or Gas Wells Average Depth, Ft. Methods at End Approx. 
of 1934 verage 
during 1934 
pairs At End of 1934 Number of Wells 
: ; . Bottoms 6 Lop) aes Perret 
g| 83 mel& |e SA Prodaive \'Padincive ties 
4 Ba Big me 0 EE Ei P> 3 Wells Zone : is Weighted 
3 Bs 2|é £Q Pree 38 Aa Flowing Pumping Average 
el op 
2| FE | EI E\SE\FZ(EzlEa| Ze | 
AM Oe ASN Neto eee |aaeaiies a 
106 3] 0 3 3,255 40 
107 21) 3 50 3,460 43 
108 7/ 0 10 3,370 36 
109 2) 0 5 1 6 3,238 42 
110 4) 0 3 1 
111 1 3 63 2,100 37 
112 6 y 4) 0) ¥ 4 
113 24 1 OT. ¥ 23) yl y 23 
114 42 
115 1 
116 2 0 0 0 2 0 2 3,253 47 
117 11 48 
118 2) 0} ¥ yi vloy 55 1,450 
119 118 3,225 
120 12 Us 
121 0 1 
122 32 14 30 
123 1 01 0} 6 1 0 ns 
124 15 
125 10 4} 0] 0 10 10 
126| 319 70 | il y y y 268 
127 17 
128 26 aly ODO 0} 26] 0 26 
129 12 12 0 0 12 0 0 12 3,286 33 
130 2 2 0} 0 2 0} 0 2 3,204 ] 38 
131 at O} yea we 242 
132 1 1 0 0 1 0 0 1 3,652 42 
133 74 
134 6) Of ¥ Gi gr v 330 1,850 
135 14 5 14 
136 7] y 0 y 9 
137 29 27 0 0 28 0 1 28 
Shut in 
138 1 1 0 0 0 0 0 0 4,686 25 
139 12 1 0 0 11 0 0 ll 
140 7] 10 
141 48 
142 1 0 0 1 0 0 0 Shut in 8,345 35 
143 1 i! y y y y y 22 
144 2 1 1 0 2 0 0 2 
145 1 1 OO 1 0 0 1 
146 18 5 0 y 16 0 0 16 
147 1 2 0 1 3,386 42 
148 18 3 0 18 
149 1 1 0 1 1 3,313 42 
150 3 
151 6| OO}; ¥ vyiyvly 208 
152 3 2 0 2 3,380 36 
153 318 
154] 137 10 0 71 3,375 43 
155 15 0 
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Producing Rock < 
Pens = to End of 1934 
Sa 
o 
pido 
shh aeweapol= Be 
Name as Used Locall: Ages a) ea oe sy Depth of 
* ; g g s q gz Ne Hole, Ft. 
i= 
S| |e leo = 
“‘Siliceous’’ lime Cam-Ord D AM 0 
Hunton lime Sil Dev D AL 5 
“Siliceous’ lime Cam-Ord D AM 
Basal sand Pen iS) AM ; 
Reagan sand Cam s AM 0 
Topeka lime Pen L D 
Stalnaker sand S 2p 
Mississippi lime L A . 
Viola or “Siliceous”” Ls Ord orCam-Ord} D AM y 
“Siliceous”’ Ls Cam-Ord 
Siliceous Ls Cam-Ord D AM 0 
Mississippi ‘‘ chat” Mis L MT y 
Bartlesville sand Pen 5 y 
Mississippi lime Mis L 
Bartlesville sand Pen iS) ML y : 
y 6 
y ; 3 
Kansas City-Lansing Pen L AM 3 
“Siliceous”’ lime Cam-Ord D 
1 
uaiatonl lime - Mis L A y 
“Siliceous”’ lime Cam-Ord D AM 1 
40 
Lansing lime L L 
Mississippi “chat” Mis L 
Viola lime Ord D 
“Wilcox” sand Ord 5 y 
Bartlesville sand Pen s D 
Mississippi lime Mis L D 9 
“Siliceous’’ lime Cam-Ord D D y | Siliceous lime 
“Oswald’’ lime Pen L D 1 
Bartlesville sand Pen 5 ML y 
Viola lime Ord D y 2 
Bartlesville sand Pen 5 ML y 
Bartlesville sand Pen Ss ML y 
“Siliceous’’ Lime Cam-Ord D AM 5 
Mississippi lime Mis L y 
“Siliceous”” lime Cam-Ord D A 2 
Mississippi lime Mis L D 0 
Kansas-City-Lansing lime Pen L 
“Siliceous”’ lime Cam-Ord D A 5 
Lansing lime Pen L y 
Bartlesville sand Pen 5 ML y 
y 0 
“ Siliceous’’ lime Cam-Ord D D y 
“Siliceous”’ lime Cam-Ord D AM 0 on , 
Lansing-Kansas City Pen L Beye || 1B) y | Mississippi lime 
“*Siliceous’” lime Cam-Ord D AM 5 
Mississippi, * ‘chat” Mis L Cav| A 0 
“Siliceous”’ lime Cam-Ord D Por | AM 6 
“Siliceous”’ lime Cam-Ord D Por 0 
Chiefly Mississippi lime Mis L Por A y 
Bartlesville sand Pen 5 Por | ML y 
Mississippi lime Mis L Cay | AM 0 
Bartlesville sand Pen § Por | ML y 
Lansing-Kansas City Pen L Por 
Viola lime Ord D Por D 17 
Bartlesville sand Pen s Por 
Mississippi lime Mis L Por D y 


a ee SS 
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* 


302  OlL DEVELOPMENT AND PRODUCTION OF KANSAS IN 1934 ~ 

Development during 1934 is shown in reports and tables. ‘Those 
interested in making direct comparisons for the various areas may do so 
by comparing these data with the corresponding paper in Volume 107 
of the TRANSACTIONS. 

The number of new discoveries during 1934 was greater than normal 
because of the conditions mentioned previously regarding the cause of 
drilling and the increase in production, and to the natural decline of some 
other areas, all of which made additional drilling necessary to supply 
needed oil. Thirty-six new producing fields were discovered, including 
four gas fields and three new oil-producing horizons in old fields. New 
areas as a result of wildcatting numbered 31. New discoveries, made by 
drilling to deeper horizons, are shown in the tabulated reports of the 
separate fields. 

Production extension was chiefly in western Kansas fields. The 
potentials of the fields and new drilling for the year are shown in Table 1. 


TaBLE 1.—(Continued) 


| Area | 
Proved, 
Acres _ Total Oil Production, Bbl. Number of Oil and/or Gas Wells 
(Approxi- 
/ mate) 
During 
A 
Field, County — dc 
Daily Duri 
=, Average | Per Cent 1934 at 3 oe 3 
i ,  |Potential| Allowed | | 970, Tank| 3 5 
is a Oil at End | at End of |" Table rs Fae ~ : 
g 8 of 1934 | December, | Measure- |= | 2 |e {6 2 
zl Ae ment [8/8 |) gle [2 (2 [ESE 
S ap 20) 2) &|SelS fs sso|k 
Pe =| =| & |BEs2ig4ls als 
eae eas o Ss =I 4 
4 ss Es| 8 | 2 \SS|eclES|es a2 
156 | Voshell, McPherson....| 5.3] 3,500 1,273 46.78 | 2,409,845 | 146) 11 
157 | Wakeeney, T'rego5 -| 0.5 160 882 2) 2 ; - 
158 | Walton, Harvey. 115.5 80 17 83.29 5,451 10 1 
159 | Weaver, Butler... Ba 160 21 100.00 6,685 8 
160 | Webb, Huk............ 2,000 474 89.52 172,940 8) 2.0) bg aU Maleane le 184 
161 | Webster, Rooks4.§...... 40 264 31.85 1,991 2) Lh 0 
162 | Welch, Rice.....2..... 10.9} 1,500 1,856 56.87 290,429 | 40) 2] 0 09 
163 | Wellington, Sumner...) 5.1 100 800 36.36 80,472 5} 1 0 5 
164 Whelan, Barber....... 0.3 160 231 33.99 6,307 a 0 1 
165 | Wiggins, Greenwood... . 2,500 223 100.00 79,964 1 0} yg ileee bp egulliey lh 168 
166 Wilkerson, Greenwood. . 1,300 188 89.52 61,320 
167 Wilkins, Ellsworth. sic| 0-6) 5 40 901 | — 30.01 32,279} 31 4| 0 3 
infield Kast, Cowley. 5,000 947 ' 
169 bas Townsite, 5 iia a i CEN rincd sen ne 2 
(Cotwlen icin. ae cenies 300 1,152 83.29 3 
170 | Winterscheid, Woodson 7,700 900 100.00 aire ie 
171 Ween, S eieic aa 
ous, Woodson....... 1,000 40 100. 2 
1 7 ene Ellis...... 5.4 40 14 86.41 Bert 4 a 0 4 : : : 4 
4 oung, Butler. .....0.. 14.5 400 28 
174 | Voghts, McPherson’... : ye pigs ; 21) 86: " 
175 | Miscellaneous, Hws- 3 
AWOL eisrany te iaravesss re 2} 4 0 2 2 
Nt 


5 Wakeeney—One well potential only. 
6 Webster—High lubrication content crude. 
7Voghts prorated with Ritz in 1934. 
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The Burden pool in Cowley County had development extended toward 
the southeast. Dan Patton et al. No. 1 Hall, NW.14 SW.14 sec. 29-31- 
6E., had an initial production of 4385 bbl. from the Bartlesville sand, 
completion date, June 30, 1934. Six wells were drilled as a result of this 
extension discovery. 

Results from acid treatment of wells producing from limestone encour- 
aged new development in several parts of eastern Kansas. Eleven 
wells were drilled and acid-treated in Potwin field of Butler County, 
four in the Eldorado pool, and several in areas that produced from. 
limestone in Elk and Chautauqua counties. 

Proration continued throughout 1934 under the direction of the State 
Corporation Commission. The system of proration used in Kansas 
applied to fields with greater than 5 bbl. daily average, with a very slight 
proration on the fields having small daily average potential and increasing 
cuts in allowable on those with larger well average potential. This sys- 
tem has proved uniformly satisfactory, although it had some criticism 
when initiated and until it became understood by producers. 


TaBLE 1.—(Continued) 


Average Character 
Depth, Ft. of Oil ; 
Approx. Producing Rock 
Average es 
during 1934 ‘Sia 
os ~~ 
a8 
oO 
5 Bottoms of Gravity : Phy ES 
| Productive A. P. I. at i * > A pe 
3 Wells 60° F., Name as Used Locally Ages £ i 5 BYS 
a Weighted z g 8 z az 
A Average & é 5 2 a 
3,000 42 Mississippi “chat” Mis L Cav Af 12 
si 3,400 Viola lime Ord D Por 
“Wilcox” Sand s Por 
“Siliceous”’ lime Cam-Ord D Por 
157 Lansing-Kansas City Pen L Por 0 
158 3,627 Lansing-Kansas City Pen L Por 8 
159 Bartlesville Sand __ Pen 8 Por y 
160 Oswego lime Pen L Por y 
Prue sand Pen 5 Por 
3,445 254.6 Basal conglomerate Pen Ss Cay 0 
ie 3,375 32 Mississippi “chat” Mis L Cav Cav 7 
163 3,655 42 Mississippi “chat” Mis L Cay 0 
4,384 27 Mississippi lime Mis L Cav 0 
164 N 5 5 
165 Wiggins”’ sand Pen ‘or y 
Bartlesville sand Penn Ss Por y 
4 3,280 “‘Siliceous” lime —. Cam-Ord D Por 1 
168 Layton sand Pen S Por y 
. “Siliceous ’ lime Cam-Ord D Por 
169 Bartlesville sand Pen 8 Por y 
“Siliceous”” lime Cam-Ord D Por 
170 Bartlesville sand Pen § Por y 
Mississippi lime Mis L ‘ 
y y y y 
i 3,600 32 “Oswald” lime Pen L 9 
173 Lansing-Kansas City Pen L y 
174 3,398 Viola lime Ord D 


10a oad 
2 weed 
. ° 1 i 
Cowley....... Soe emer mel 9 | 
Crawford! i5s.1es oui = fhe pokes Sy yay 8. 
Avlarsiein' 
eee 5 Lis ae! ee 
Pg aE vast. cal, 2 oe) 1 Pe he 
Pilsworth= tc; erase see sore eee } | ipa . 
Winney «0.552. oot Soest te emis ) 0 
anki 1 oe ee 
Serer ete ORE? ibe eal ae tae ie a | a | 0 
larpers Sarita tie ce eter ater nh o. 0 
Harvey tesa a1 Sajal aaa 2 77 2 
Tanga esterceroiet oe) halo) etereerrare 5 10 0 
abetted os. 0c chit oeniciacasemet a 2 2 0 0 
cot ne eee bh gene 
Marion trostitckicota: ache ceo D 3 : 0 
MGPNersom mievcarceste sits cane seen ee 1 29 1294 2 
INONPIG Bas yee ance arte ee 1 1 0 st 
IN COsHO wi crea ssrsty CTE oe eee ate ie = 1 1 1 1 
OSHORNe ss. vite «ieleinets%r ween gy Perce 1 0 0 a 
PULSE tees eae ee a ae 1 0 0 
RENO Pass asses tiespoie eens st: Ay hee aE 12 352 > 0 a 
Rice catechnce e e eae 30 ga. << = 
0 3 oe | 
2 1 3 é 
11 508 0 
1 21 44 0 : 
0 1 0 “4 
3 $ 0 . 
5 2 0 ; 
2 2 0. 
: Lal ead 0 | 
2 10 12 nig 0 | 
246 624 | 24 
Old oil wells deepened to new-oil production, ........ i igapeaduie Sans Uae ene a ee al 60 
Oldi wells deepened ‘and*abandoned. 057.00), Suabmei sc snc aes sant a nnEN Mies nin Oke 5 
New completions. 1.0 97.2). 5 us sauisle do's arash PEN Ott Oe tetera MC eco eat an ene 829 
AGHIVIEY,« ce Sie 0 doa) deg a se eres 0'8/ofa « ons aes he AeRDDe ate A arpa 894 


1 Includes 1 old well deepened. 
2 Includes 4 old wells deepened. 
3 Includes 5 old wells deepened. 
4 Includes 14 old wells deepened. 
5 Includes 31 old wells deepened. 


MARVIN LEE 305 


Pipe lines have been constructed or extended during the year to reach 
practically all fields except some recent discoveries, which are expected 
to secure market outlet during 1935, by the necessary building of new lines. 

Acid treatment continues to be used throughout the state. Starting 
early in 1933, as a treatment to increase the production of old fields, 
producing from limestone, it rapidly became the practice to treat newly 
drilled wells in limestone horizons to increase their potential. This 
frequently permits the producer to secure a greater daily allowable, but 
practically forces all producers, of the same common source of supply, 
to treat new wells to remain on an equitable competitive basis. Acid- 
treated wells usually develop a much larger potential than natural pro- 


TaBLeE 3.—New Discoveries in Kansas, 1934 
(Fields arranged chronologically) 


Dis- 
Line Field Location of Discovery Well County ae Discovered by 
1934 
WRIA essai neste acre ae NE. S§.9-T.19-R.2W. | McPherson | Jan. 3 | General Petroleum Co. 
OO NOhurehdlt. fo. oc sete octane a= §.25-T.31-R.2E. | Sumner Feb. 12 | Derby Oil Co. 
NOIR ISSELN MHS e ee co hove cio Satan Rone ee NW. SW. 8.22-T.13-R.14W. | Russell Feb. 12 | Tom Palmer 
3a NE. 8.28-T.13-R.14W. | Russell Aug. 13 | Joe Aylward 
Aw | Rentiy2s ase eerie ee tle C. NW. SW. 8.19-T.25-R.1W. | Sedgwick | Mar. 7 | Hartman et al. 
Fy | MOATRaSS Oh one. oun See eae NW. SW. SE. §.6-T.28-R.1W. | Sedgwick | Mar. 18] D. R. Lauck et al. 
6 | Burrton'3..............-----+ C. SW. SE. 8.26-T.23-R.4W. | Reno Mar. 28 | Sinclair 
Wie Hilgercicsels oopincianicae te tere SE. NW. S.16-T.26-R.4W. | Reno Mar. 31 | Stanolind-Amerada 
SO OEt, perjecla. ne ars air tn cheer SE. NE. NW. §.27-T.18-R.10W. | Rice Apr. 2. | Lario-Carter 
9 | Wilkins.............+------05 SE. Cor. §.13-T.17-R.10W. | Ellsworth | Apr. 15 | Smith and Ash 
10 | Dopita.....-......-.05-- +--+: GC. SW. SW. §.31-T.8-R.17W. | Rooks Apr. 20 | Phillips Petroleum Co. 
11 | Dopita (deepened)..........-.- Rooks Aug. 15 | Alma Petroleum Co. 
12W | Wakeeney occ. 05 2+ +s -iels «ese C. SW. SW. §.11-T.11-R.23W. | Trego May 15 | R. B. McNeeley 
PAM Shatpesmet ke ciscsec » <li ine NW. SE. 8.18-T.20-R.9W. | Rice May 7 | Mid-Kansas 
14 | Geneseo....... stor aeaagunenth NW. SE. S.25-T.18-R.8W. | Rice June 7 | Continental Oil 
15 | Geneseo Townsite*...........- NW. SW. SW. S.1-T.18-R.8W. | Rice Noy. 27 | Yingling Bros. 
TGiMBeyerh asses ccs se eee sos SE. SW. SE. 8.16-T.19-R.9W. | Rice June 20 | National Refining Co. 
AZo MGraberian. ce x2 22 tees ees NE. NW. §.32-T.21-R.1W. | McPherson | June 23 | Continental Oil 
AGE Olathe fen ac enue = SE. SW. SE. 8.36-T.26-R.6E. | Butler July 18 Pettis Pee Co 
. C. Hay 
GI IWOyEE Baa = Sag omeee cece st oo C. SW. S.10-T.18-R.16W. | Rush July 18 | Mid-Kansas 
Om Grovemienascc tinue 1 cle verre rer (SE: NW. 821-T.19-R.9W. | Rice July 18 | Keith-Carter 
21 SE. NW. S.21-T.19-R.9W. | Rice Oct. 31 |Keith-Carter 
DOA WIRCIAD cain s gets a reine C. NW. §.32-T.31-R.11W. | Barber Aug. 2 | Lario et al. 
99 JiStraubesee. cots ce. e meer + C. SE. NW. 8.36-T.18-R.11W. | Barton Aug. 11 | Atlantic Oil Co. 
DA) NiNiedenthalicdc a. teiecc acute NE. 8.23-T.14-R.15W. | Russell Aug. 28 | Lario et al. 
De Aitelnbotiuns e.rchts «kes utes cs SE. C. §8.21-T.29-R.6E. | Butler Aug. 30 | Pennwest Oil Co. 
FY Naa 8 Face 10) eS ape aeiS EET een NW. NE. NW. S.8-T.22-R.1W. | Harvey Sept. 1 | Hollow et al. 
Die SEONG pra tains (aie ae. > orale epee C. NW. NW. 8.15-T.24-R.4W. | Reno Sept. 24 | Hartman et al. 
OR” De Moes dn. «ue ve NE. NW. 8.8-T.28-R.7E. | Butler Oct. 9 | Rex et al. 
DOP AMEN KS Neenah gcetiorc ~y/oaneleemre SW. NW. NE. S.16-T.14-R.14W. | Russell Oct. 17 | H. H. Blair et al. 
BOL Dorit das: s2-| SW. NWSW: 8 13-T.17-R.9W. | Ellsworth | Nov. 19] Twin Drilling Co. 
Oi -MGanterMan. ..2. 222.6 - eee ease NW. SE. §.15-T.19-R.11W. | Barton Dec. 6 | Murfin et al. 
32 | Shallow Water..............-- CO. SE. NE. §.15-T.20-R.33W. | Scott: Dec. 8 | Atlantic Oil Co. 
SAMUINBEA VER MIS cactlss vetoes e+ NW. SW. NE. S§.16-T.16-R.12W. | Barton Dec. 17 | Darby Petroleum Co. 
BA Sperling osm wis. eke ov oie = SH. NE. NE. 8.23-T.22-R.2W. | Harvey Dec. 30 | Broswood et al. 
35 | Ferguson®§...............5--. SE. SW. 8.21-T.30-R.8E. | Cowley Dec. 31 | Western Kansas Oil 
S GME DAY ee ae giclee wines cine NW. NE. NE. §.7-T.35-R.3E. | Cowley Dec. 31 |S. A. Murphy 


oc he cE Bh a aS a a ee 
1 This is a new horizon in an old field. 
2 Qld dry hole plugged back and acid-treated. . ; ; 
3 The Haury Field, Hunton Ls., has been combined with the Burrton Field, Hunton Ls., as the Burrton Field for proration 
urposes. 
: y Well being deepened at end of year. (Deepened to ‘‘Siliceous Ls’’ and abandoned Feb, 9, 1935.) 
5 Well being deepened at end of year. 
6 Completed as oil well, Jan. 4, 1935. 
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duction and show extremely rapid decline in most instances of large 
withdrawal. The general concensus of opinion is that acid treatment 
results in lower recovery costs per barrel by permitting withdrawal of 


total production within a shorter time. 


In many limestone areas, which 


have declined below economic operation, acid treatment permitted 
continuation of profitable production, which means that it has resulted 


TaBLEe 3.—(Continued) 


Status of Field 


Lease Name 


Jordan 
Base 
Hilger 

Habiger 

9] Wilkins 

_ 10| Dopita 

12 | Rhoades 
13 | Proffit 

14 | Lansing 


15 | Maupin 
16 | Reese 


17 | Graber 

18 | Bolin 

19 | Mohr 

20 | Grove 

22 | Whelan 

23 | Straub 

24 | Neidenthal 

Steinhoff 

26 | Summerfield 

27 | Stone 

28 | De Moss 
Fink 

30 | Rolph 

31 | Lanterman 

32 | Vaniman 

33 | Jarus © 


34 | Sperling 
35 | Ferguson 


36 | Cadwell 


os a Initial 
3 a at: | Production, 
& & 38 Bbl. 
wt x 
3a | 38 
a Ae 
1 y 275 
1 1,082 
12 191,252 818 
2 116 560 
1 3,048 118 
1 25,613 1,174 
33 329,450 1,489 
2 47,122 968 
1 Gas, 
13,711,000 
3 32,279 205 
1 y 280 
1 44 
2 No market outlet 882 
ri Gas 
2,753,000 
3 59,154 1,294 
1 525 60 
Bi Gas 
8,000,000 
2 38,822 639 
1 y 10 
1 4,009 153 
‘ 215 
{ 7 Eh ro sens 
1 6,307 75 
— 191 45 
Kent in) 0 705 
1 y 125 
2 3,354 247 
1 9,739 523 
L y 35 
puieme 976 192 
1 628 526 
1 y 199 
1 No market outlet 572 
1 2,040 596 
1 y 1,624 
1 1,800,000 
Gas 
1 78 


3,345 
2,066 


3,504 


Name 


Kansas City-Lansing 
“*Siliceous”’ 

Kansas City-Lansing 
“*Siliceous”’ 

Kansas City-Lansing 
“Siliceous”’ 
Conglomerate 

y 


Hunton 

Reagan 

Kansas City-Lansing 
“Siliceous”’ 

Miss. 

“Siliceous” 
“Siliceous”’ 

Kansas City-Lansing 
Hunton 

Miss. 


Bartlesville 
“Oswald’”’ 


“ Siliceous ” 

“Siliceous’’ 
Miss. 

“Siliceous” 


Hunton | 
Kansas City-Lansing 


Bartlesville 


Sil-Dev 
Mis 
Pen 
Pen 


Cam-Ord 


Cam-Ord | 


Mis 
Cam-Ord 


Sil-Dey 
Pen 


Pen 


Tm 
a7) 
~ 
S 
CS 


Character 


ett et et 


iJ 


e 


ag oa Sen HN = rl kt SLE Sel pe 


to SSS eS et oe 


7 Footnotes to column headings and explanation of symbols are on page 249. 


Core drill 
Wildcat drilling 
Drilling in field 


Core drilling © 
Surface 


y 
Subsurface 
Subsurface 


Magnetometer, 
surface 
Seismograph 


Subsurface 
Surface 
Wildeat drilling 


Core drilling 

Sand Trend 

Surface, 
surface 


Subsurface 
Wildcat drilling 


Sub- 


Seismograph, _tor- 
sion balance’ 
Seismograph, sur- 
face, subsurface 
Subsurface 
Surface 


Core drilling 
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in greater ultimate recovery per acre. Research work in connection with 
acid treatment is developing new and more effective methods of its 
application. Acid treatment has largely displaced the use of explosives 
in lime producing fields, but shooting is occasionally used and then fol- 
lowed by acid treatment with good results. Excessive and/or repeated 
acid treatment has been harmful to some wells by hastening or increasing 
the water. 

Production costs vary considerably across the state because of the 
different types of production and different depths of wells. ‘Some costs 
are reported as high as five dollars per barrel and others at a few cents. 
The low costs are due chiefly to producing gas with oil and marketing 
the gas, which is sold and charged as income to properties. Kansas 
oil-production costs are actually about one dollar per barrel, based on 
ordinary labor conditions and the usual investment in upkeep of proper- 
ties. Reduced production costs are largely due to failure to spend money 
for the usual amount of labor and upkeep of producing properties, during 
the recent period of low prices. The increased drilling is bringing pro- 
duction costs to higher levels. 


CONCLUSION 


This should be considered as a progress report. The author will 
welcome corrective criticism from its readers in order that they may be 
passed on to the author of the 1935 production report for correction of 
that assembly. 

It is impossible to assemble a complete and accurate report, especially 
on the older and unrecorded production of eastern Kansas fields. 

Acknowledgments are due to the several geologists and others who 
have assisted in this report, and thanks are especially extended to the 
Messrs. Gail Carpenter, Forrest Winbish, Walter Larsh, Edward Koester 
and L. A. Crum for their helpful suggestions. 


Oil and Gas Development in Kentucky 


By Coteman D. Hunter* anv Iney B. BRowninet 
(New York Meeting, February, 1935) 


Durine the year 1934, Kentucky oil and gas operators have partly 
overcome their past depression fears and in the oil industry, with possibly 
more abandonments of old oil producers than the completion of new oil 
wells, produced 4,814,904 bbl. of oil in 1934 against 4,501,511 bbl. in 1933. 
In the gas industry of eastern Kentucky, 115 gas wells were completed 
during 1934. This production is delivered through two 20-in., one 16-in., 
one 12-in., one 10-in., and two 8-in. pipe lines to supply both domestic 
and industrial markets in Cincinnati, Ohio; Louisville, Lexington, 
Frankfort, Winchester, Ashland, Covington and other Kentucky towns; 
Washington, D.C., and other eastern cities. 

The largest percentage of these gas wells and production are from the 
Devonian black shale area of Floyd, Pike, Knott, Martin and Magoffin 
counties, Kentucky. 

In this area the largest percentage of 1889 wells, developing 421,- 
215 acres, has been completed in the past 10 years, of which 55.3 per cent 
produce from the 400 to 550 ft. of Carbonaceous Devonian black shales. 

The successful results obtained from these Devonian shales are due 
to the physical effects of the 5000 to 6000 lb. of gelatinated nitroglycerin 
with which the entire 400 to 550 ft. of shale is shot. A very small number 
of the shale wells are natural producers and do not require shooting. 

Other thar the Devonian shale gas production, the remaining 44.5 per 
cent of the gas in this field is encountered throughout the entire strati- 
graphic section above this horizon; namely, salt sands of Pennsylvanian 
age and Maxon, Big Lime and Weir of Mississippian Age. A very small 
percentage is encountered in the Corniferous Devonian lime and the 
Silurian Big 6 below the black shales. 

In western Kentucky, in the counties of Henderson, Webster, Hop- 
kins, McLean, Christian, Muhlenburg, Ohio, Daviess, Hancock, Brecken- 
ridge, Hart, Barren and Warren, many gas wells have been completed, but 
because of insufficient market, activity has been somewhat desultory. 
The area is served by the pipe lines of the Kentucky Natural Gas Corpora- 
tion, with headquarters at Owensboro. Their market is increasing and 
the gas is delivered to Owensboro, Henderson, Madisonville, and many 


Manuscript received at the office of the Institute Feb. 16, 1935. 
* Geologist, Kentucky-West Virginia Gas Co., Ashland, Kentucky. 
+ Geologist and Operator, Ashland, Kentucky. 
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TasLe 1.—Oil and Gas Production in State of Kentucky 
Line 
Num- Field, County 
ber 
1 —| Big Sinking, Lee, Hetil, Powell, Wolfe. was «<< 2'<.<ccivip <c« olgiojenisi Snore ajasinle ole ais olin) alateielel= stiaaiains =i 
D) S| Vda MiBy,, L625 oa.cvcigyere orm siz ioe) 0.410 « sievat mw 0.570; chara oale kalo’ ct claPaye ayaa ctate ale cleat > ieee Reset tetera ae 
3 Febwocth, Onseleay ees Nn inic wads. cca onda he Oe 6 amore ana ale Aepeiee = ete ete eee mene eas Crate 
4 Ross Creek, ft) Le nn Serre Men Pn ease Sey ae 2 3S are Ren 
5 Goocey, Lee, 6M ho tone dates ee ee ee SOD. .  Re Ree meee 
6 Trabue Heirs Lee ss25o0: 5 s-cc.20 bese eae tes ee eile eRe ae oes te ge Pe ee Sal ee sae Taare ae 
“f Ashley; Powel) aso coc «ws svsreias aioe stpce kipin lors a) ie asta ae eeckote te eee a ota ae lle a 
8. -\| Irvin-Cow Creek-Mitchburg, Batt; Powell... xc - <5. deste. aba spasttaee eile an onsite rea eae 
9 Wagersville, 2istellsic¢ <<. <.0)s s.a:s0'0 0 oe motsto dl eial= atte atnicl tie = eats Fe ie ton ea oe 
10 Campton:and Stillwater, Wolfesccci do1c)hee'o tee Sais nee ee ee ieee ee 
il Buffalo Creek, Owsley. «cc. cc's oso «aie ee saa = dote sine ceigeneete ee SRERAE ae a ake on ae oe ee 
12 Island Creek, ‘Ousley ard cbala.pravdiezec@ve <a. 6\ald e-0,4) a a taal Scare Ste alle Nee Ice Rie gn a ee 
13 Olympia, Bath... oho ce os shee been ee eee ee eee ee 
14 Menifee, Mentfees «...i-< <sicx.cscacdiorkecate stents pastreassioltto ee Seo ae tae ne Ute eae a, Se ec 
15 Ragland, Bath, Rowan :.«....2:< «ss asc.s Seu, o-00.0 be Rice oe oe 5s oe se ee Acie eos epee 
16 Cannel City, M OP GONE sci ssc ws aromas 06h otis ara leva sata Oro k 30s Sib (as ees: alah eae ee ale aia es Ieee 22 
17 Oil Springs, Johnson, Magoffin..........+...00-0e eee ve eee eee “ara 3 Na Las sae Ce Nine ae eo ee 15 
18 Burning Pork, Magoffin is \v.cins\e isle) aaieier= lan alee «ete lhahe eo al slayataee =< Sigel oe ors aha 12 
19 Blaine, Lawrence; id OMVEON os sie, cieccke sie Ce oasaerh mae ieee > = eto + sferaiens tea es < Ole ae ea 16 
20 PNA, id ORDO Fe Sosa of asus tee sae» cerita tara aod cecaare CUR Sica x) oe ne ei a 14 
21 TAQUWIBAY Lear O06 cia: she: Spniciassvs. « ateincw oaie, s/o tees hee ope the foie Mae & te sik Nice Ao le Peer Sette ee 22 
29% NAmbrosen Waller, Onto series ay-.caicsccs ot are eR cee wee ets Se ile An ee ee NE ne oo 9 
23 Weonvilles Huetotbece. «.e-savas scltrssavsslavdsgers POR wR ND wigs hohe ee 6, OO le aes eae = eects ec aaa oe 18 
24 Beaver! Croekj Moya, KIMaghs «5 syaiccccasts taro er leva orale ooanee Taare so Ne nea ae ae al ara 19 
25 MoKinney, Gincolte:s5 .ccsw.0.5 cect e aege ae mee tae ok oes ead ae Bieta ac ae ene are ee 15 
26 Wayne County; Wayne, McCreary; 2st ae teins aa nea wae ieee bases Pons eee 37 
27 Homa Veale, ERG oe «serater ojerm'n sfapetetesmtatersie Xeon aie Asterar eects eee tena lca 5 
28 > |, Bonnieville, Hartaid cccdgs s sages coer ores G eee ee ew ees BNE TES, sti Oe ra Ie 2 
29. “| Le’ Grande, Warts si sc xs teisc «chs com edianais eMneaicsis Weert eee ote aattin ls On cae aa ee See ome 5 
30 | Owensboro, Daviess, Ohio, McLean, Hancock, Breckinridge...........2.20.20020ccecceececeeeeee 16 
31 Henderson, Henderson. «0:02 sex 0 ue ctels woth cae at tba ka ea woes eee Cee ae eee 4 
32 Muhlenberg; Muhlenberg c. <0 <<. de mstns ais cosine aptatieten Seed DOE rei cies eae ee 5 
33 Bowling Green, Alen, Watren; SUnps0n,, «nk osc «seo ce ee inte a eule acs.c'ea colonia oe aoe ree 16 
34 Barren; Barren 's)s.«.a\<s(crws-svais dagen hatel als’ S Soo eee aan > Se ea cts eet 16 
35-. | Floyd: Gas, Floyd. 155... «:siare » sja.c)e shan ale te slog asc Pee eae crete ome ka eee ee 30 
36 Pike Co. ‘Gas, Pikes. afas oie guainiate te Fae te ee eee Gk aie seer ee ee ee 4 
37 Martin Gas, MaFith.< co cecc fection soot Ree ne 37 
38 Knott pea Kn bb so shan geu 2 cigcanselent seas > Rees ase Te ee ee 29 
39 Ashland Boyds fia. cafes Bos ad ws tee eon eee eet ae See eee ne eee ll 
40 Perry Gas CHasardy. Petty cs cies. Bes ae Gas Ree oe eee 4 
41 Oneida, Burning OOM bid asso 6 & Paiaen sien aap Mule ro Stee ae ICE ges eR 9 
42 Burning ‘Springs:(Gas), ‘Clay. 02... doe cota see coe eee ee ee 35 
43 Indian Creek se eee » desing ws’ aoeRlae o> nalh-eis bine iNet Re aie eetcretn eae eee 5 
44 Artemus Himyar Gas, DC RO Ree ey Ase BNE PE 4 
45 Red. Bird Gas, Bell. <<... Sesiscorn:n ait tegtoms a eee Re Brae ee tee ates ete amma reeete 4 
46 Williamsburg ‘Oil and Gasp Wittley 2. ics sivas s narce fox tetas Se eee 32 
47 Big- 6 Gas, Breaths, cade scuea Seed wie hisis ae crea ee ee 15 
48 Rothwell’ Gas; Mentfees «icc ss a eipccsts e's etwinnas crake ani eta oreo Se 33 
40. | PowelliGas, JP6well 6 ~ vioar oix clase wis Siaiciern.e'nais fase oiteriesiee ela aan 3 
60 | |;Carlisle'Gas;(Qatlatin, Catrall coach scesaden te steeds Coee sie sora 4 
51 Bwamp, Branch Cras, JOnnSN,. «-<:a%esteinsasin cede ee see ue seers on a 7 
52 PlatiGap ‘Gas J olnsonicns ts. sc.ak cee Sua secs Wak ween Le ee Oc ee ee ee 15 
BB.” | Wien Gas ahOM MSO a c.srercleteassss oi s-xfeey 219 sanctiy, cons eM sass ake avaehe oR eal Meera ae ee 17 
54 Cain, Latorence dai Strats oes 1a a ace ORT OE AR kG Ce Sk ick: a 5 
55 Green’ Taylor Gus; Green; Taylor: ov .cvnceesactuaet eke he ee a oe ee 15 
56 Cumberland, Clinton, ‘Cumberland; ‘Clinton. swe. oo seis cad deanna Re eoekane. meee 40 
57 Little Richland? Knoe occ ccasiounmens cect tnieuace cee Seace ee 32 
58 Ivyton, Licking, Mine Fork Gas, Magoffin............. oie lee aa 15 
59 Needmore Gas, Oipaleys ssiivecasises oemacew tet ara We eee rat Oe ie 14 
60 Morton Gap, H ODIANS Saisie. sleet aPele oie accvan reap Stee ME, ae ee ene 12 
61 Buford, O10. ves.asiars aioe x 00-35 a.asetete salt igrS cures Feta ere Peete ree coe Ieee ee cee 5 
62 Habit, ‘Dans vannsheeigg taldhe aj o.d nih Dap CORDA OER ORII CRORES ert nS en iene SR 4 
63 Lindsay Taylor, Davieas. 3.5 a5. +9 tna ssh one. cae bie. sane gree an ant ie en 5 
G4. | Herbert, Ohio, Hancock. :...... 2 u..gh 5 setisu cree ae wae nets Geen ee en anne an 14 
65 Hayden, Daviess... ic.n'sis,s,s:s7/sid-accteiaisinSeis of oeeteraa cee nee ane eee ele aetna 7 
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Area Proved, Acres Total Oil Production, Bbl. Average Oil Production, Bbl. 
3 Daily Per Well 
Oil . : Average Per i 
During | During rage | Acre to | Acre-foot| Daily 
and | Gas | Total | ToHnd of 1934) “yg” | 1034” | QUME | End of |to nd of| {ore 
5 b ” 
1934 1934! 1934 1934 
0 0 | 13,957) 35,327,896 630,347 642,259]1,760 2,531 Yio 
0 0 321 099 11,360 10,950} 38 1,444 640 
0 0 60 63,444 2,036 1,633 4 1,058 3o 
0 0 468 727,883 6,203 10,510} 29 1,555 Yo 
0 0 3 73,684 1,977 1,505 4 Ho 
0 0 77,839 13,007 11,600} 32 2340 
0 0 1,09) 2,827,502 39,268 57,508} 158 2,592 3{o 
0 0 4,637| 11,593,792 169,056 159,301] 436 2,500 No 
0 0 400 77,600 016 5,542) 15 944 640 
0 0 1,447 625,7672 4,000 4,435) 15 435 240 
0 0 10 20,000 400 2,000} 35 2,000 
20 0 20 9,899 49 
0 0 0 1,706 
0 0 0 231,832 
0 0 0 258,9303 
0 0 600 376,140 1,918 1,962 5 625 340 
0 0 6,100 8,376,804 229,423 220,088} 553 1,373 53400 
0 1,895 2,813 1,529,810 69,933 74,128} 190 1,666 1%0 
0 0 6,820} 13,611,997 608,367 521,666]1,400 1,996 125400 
0 0 0 1,426,086 48,810 48,841 
0 600 2,202 1,421,556 40,980 40,528) 111 laeor Vio 
0 0 600 3,120,000 180,000 120,000) 316 5,200 1840 
46 2,000 2,146 75,357 886 3,378 9 754 Mo 
0 0 115 140,754 5,8005 4,600} 14 1,407 
0 0 0 4,502 
0 0 8,544 4,293,7574 29,633 36,335] 100 503 Yo 
0 1,000 1,885 1,507,307 430,693 320,659] 450 1,703 2 
0 0 0 108,949 48,949 60,000} 164 
0 0 1,643 3,725,251 249,009 133,341] 365 2,267 
0 0 9,626} 19,784,889 1,479,248 | 2,073,036)7,423 2,056 270 
0 0 218 53,217 81,201 59,321) 163 1,620 2640 
0 0 0 196,972 21,972 35,858} 98 4%o 
0 0 | 10,356} 11,632,451 243,277 233,738) 611 Ko 
0 0 3,667 2,305,613 32,442 46,705| 128 629 
0 | 205,075 | 205,075 
50,000 | 50,000 
69,300 | 69,300 
50 ,000 | 90,100 
16,640 | 16,640 
1,200 1,200 
7,000 7,000 
1,200 1,200 
4,600 EW 
5,000 ,000 
600 600 
700 4,000 29 
1,20 1,200 
15,360 | 15,360 
: 3,003] Not Marketed 
10,880 | 10,880 
1,980 1,980 
550 550 
2,c0x, coe" 
6,840 6,840 
6,400 6,400 
50 7 ah 
346 1,000,000 200,000 150,000) 416 3,000 33410 
100 60,000 
15 21,300 1,600 1,200 3540| 1,420 1%0 
350 370,000 39,000 20,000) 54 1,057 Ko 
300} 328,000 30,000 24,000} 66 1,090 109 1840 
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otal roduction, : . Average Depth, Ft. 
Millions Cu. Ft. Number of Oil and/or Gas Wells : : 
ee ee : 
ee At End of 1934 
> 
7 Bottoms of To Top of 
3 Ax|2 Ed ~ Eg 5 a oe Productive prpiaciug 
a = : bo Ss 
Ais | Feles| Z| = e ge) f3\gz| 3) ™ rs 
zis APs a 2 |38 3 em Me 
s (#8) 28/28|25) 23) @ | 2 | 23 |es|Ee| 2a] 2 
2 1e=|a7 aA S715 eg Bes Wis aS) a eit i AU 
prey ear a Qa | 1x28 0 | 2,384 2,198 700-1,200 650-1,150 
3 a 82 65} —_-1,000-1,200 
3 15 15 15 1,000-1,200 975-1,175 
180 180 40 550- 900 520- '870 
5 13 2 13 11 900-1,100 985-1,070 
6 15] 1 15 15 940-1,140 900-1,100 
7 523 523 458 1, 550-950 
: 1,110 1,024 1,024 120-1,000 85- 960 
9 100 100 27 100- '400 75-375 
10 275 62 275 67| _1,150-1,300 1,125-1,375 
11 M4 3 4 4 1,125 ,110 
13 20 
14 150 1,040-1,250 1,020-1,230 
3 100 100 650- ‘850 625- '825 
16 75 75 19| — 1,800-2,000 1,780-1,980 
7 1,055 10 1,033 1,033 900-1,260 860-1,220 
18 159 159 159] 1,080-1,400 1,040-1,360 
19 1,118 1,118 1,118 760-1,060 700-1,000 
20 250 250 230 640-1,100 600-1,060 
21 6 286 6 286 6| 240 1,600-1,900 1,575-1,875 
22 190 190 190 725 650- 700 
BBN ar No toas abet hae eo 1|. 25) 4! 10) 38 875-1,500° 825-1,350 
24 . 35 3 7 35 2 1,000-1,500 950-1,475 
25 8 4 4 121- 360 101- 390 
26 1,451 1,451 820 400- 700 385- 680 
27 25x 225 Qx| 25a 800-1,100 780-1,075 
28 700— 850 
29 45x 393 6r| 45x 700- 850 
30 2,874 2,874 2,800 600-1,300 
31 . 63 63 63 650-1,650 625-1,630 
32 20 20 20 1,250-1,700 
33 2,026 2,026 1,924 270— 700 265- 785 
34 791 200-1,300 
35 | y yi y y |1,076} 45 | 22 A Me. 1,076) 1,0zzx 10 
of yr. 
36 | y yt | oy y 134 2a 134] lar 58 
37 | y y® | y y 197 Iz 197) 172 46 
33 | y | y | yt] y | 140] 32] 31]4Mo. 1 139| 136 a7 
39 | y y y 216 3a 2 214) lex 2,200+ 1,650+ 
40 | y ys | y y 6 2 6 4 2,700-3,300 2,200-2,900 
41 | y y 24 20 4 4 1,550-1,700 1,525-1,675 
42 37 5 5 
43 | y ys | y 6 6 1,550 1,500 
44 | y yy? | y 18 1l 18 7| 1,110+ 2,100+ 1,018+ 2,000+ 4 
45 30 3 3 3 3,500+ . 3,400+ 
46 30 25 5 5 Oil— 900+ 850+ 
Gas-1,750+ 1,700+ 
47 | yl | y y 10 10 6} 1,750 to 1,900 1,725 to 1,875 
48 | y 40 8x 550- 700 500- 650 
49 41 22 2x 
50 17 240- 350 225- 335 
51 42 22 22 2 1 19 1,800 1,425 
52 | y y y y 2rx Irxt lox 780-1,200 740-1,160 
P 32 700-1,100 670-1,070 
CE Lew acd che ee {2,100-2'500 {2,080-2°490 
54 9 9 9 9 1,670-1,760 1,650-1,740 
Pe % lex lox 390- 700 370— 680 
57 200— 500 
58 y y3 | y 7] 104 2 104 8x 
59 y 48 48 5 een 850-1,150 
enn. 420-575 
i 6 : {Mie 2,060+ \ 
61 125 4 1 129 129 600 585 
62 | y 10 i; 1 10 2 12 930 910 
63 3 3 3 1,125 1,085 
Jett-450-500 
64 130 130 130 500 & 75 0 Barlowe 
65 45 8 37 37 1,020 fel 
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TaBLe 1.—(Continued) 
Oil Production . 
Pressure, Lb. per Character of Oil, Approx. | Character : 
Metiods at End of Sq. Ine ‘Average duriug 193! pian Producing Rock 
Approx. 
Average 
5 during 
Number of Average at Gravity A.P.I. 1934 
Wells d of at 60° F. 
2 Tnitial om Name 
5 a | a] aS 
ag Naas eae 1933 |1934] 8 | g|-ye] 8] |e! 8S 
EI ing ing oP a | eo ae | es 
a So a: a6] 8 Sa gee 
© 2 2 BS s 5 g 33/28 
5 i 3 Set at] sl alls 
1 0 | 2,198 42 37 «—(|40 P Corniferous 
2 65 P Corniferous 
3 15 Corniferous 
4 40 Pe Corniferous 
5 11 Corniferous 
6 15 42 40 |41 P Corniferous 
Od 458 Corniferous 
8 1,024 5 Corniferous 
9 27 12 Corniferous 
10 67 Corniferous 
Tl? 2 2 | Acidit 210 |42.8 |40.8/41.8 | 0 | P Big Lime 
12 39 P Big Lime 
7 Corniferous 
15 Corniferous 
16 19 Corniferous 
17 1,033 | 5 | 180 |300 [300 |38 34 [36.5 P Weir 
18 159 38 «(36 -|36.5 P Weir 
19 1,118 55 «| «550 y 385 |38 34 (36.5 P Weir 
20 230 38 34 (36.5 P Weir Berea 
21 240 40 37 (38.5 P Berea 
22 190 36.212 36.212 Jett sand 
23 25 450 1S) | Aoo| Pallets Weir, Br. shale, Cornif. 
24 1 1 je Maxon, Big Lime!’ 
25 Corniferous 
26 820 Beaver 
97 225 (Blue sand) 
98 (Blue sand) 
99 393 Blue sand 
{tet Jone ign, Stray, 
ett, Jones, Jackson, Bar- 
= a4 low, Bethe 
Triplett-Jones 
a - Big Lime 
eeutal sand 
orniferous 
oo scl Deep sand 
ie Oil 8, Cornif, 
34 \ond Sand, Trenton 
Blsck Shale, Salt 
ac! ale, Salt 
35 oe 1,150 {a Maxon, 
a coe ms 
alt san axon, Bi 
36 1,150) 2 {Lime Brown sh ale : 
alt san axon, Black 
ok 1,150 hale Big Line 
alt san axon, Big 
38 1,150 \ti, Big Injun, Brown 
Salt Sand, M 
alt San axon, 
2 cf es 2 } Baek shale, Gordon's 
fst d, Bi 
alt sand, Big Lime, 
40 Browa shale 
orniferous 
re ae Corniferous 
83 See Big Lime 
Pet. 
Ex. 


For footnotes see pages 317 to 319. 


other smaller Kentucky towns and northward in the western part of 
Indiana, including Evansville and Terre Haute. 

The authors found it hard to present as individual fields this gas 
development, as the individual pools are comparatively small and scat- 
tered over a wide area in the counties named. Production is from the 
Pennsylvanian and all the Chester sands, and in Hart, Barren, and 
Warren counties from the Devonian shale and the Louisville limestone. 

Throughout western and eastern Kentucky probably as many as 250 
or more wildcat wells were completed. Some extensions of old fields 
were discovered, and in Ohio county, in the Fordsville area, three very 
profitable and prolific pools were developed. Each pool discovered was 
from 200 to 300 acres in extent. The depth of the wells is about 400 ft. 
to the Jett sand, the producing formation. The initial production per 
well was from 10 to 200 bbl., with the larger number ors at about 
100 bbl. per day. 

In the oil industry of eastern Kentucky, operators are encouraged 
by refiners to wildcat for new production to meet the depletion of old. 
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Oil Production 
Pressure, Lb. per Character of Oil Approx. | Character 5 
Maar fos of Sq. In.¢ Average during 1934 of Gas Producing Rock 
Approx. 
cme mcsae che 
R aring 
Number of Average at Gravity A.P.I. 
Wells End of at 60° F. mens 
n 8 Initial o™ Name 
ze Flow: | Pump- Ay 28 
g|Mor'| ine” | FE is05 jis} § |e }ge| 3] |e] 3c 
Zz BE £ E 5&6 | ¥Cl.| 5&)o= 
Fs 38 BR |B le [es S328 
i ae 3 |S | 5% |g8| 4|ao|34 
44 310+ |310+ 49 |310+ 1,180] Nil oa shale 
Se rises 
ig Lime 
45 \3. shale 
Save r 
46 240 60 alt san 
is P {Bie Lime 
Big 6 
48 _ Cornif.” 
“a eynd sand 
orniferous 
160 20 Trenton : 
MO . | Maxon, Big Lime, shale 
om Weir, bee hee 
L Weir, B 
55 53 Conttionas 
56 
Sunnybrook-Trenton 
57 Salt san 
58 lst Black shale, 
54 | 4 Cornif., Salt sand, Maxon, 
59 ary Big Lime, Injun 
rt 1,085} 1 qt. - ee. ~ 
: sand-Caseyville 
Ht a 36 36 Pottsville 
sesh oe fot aes 
64 130 2 35.85! 133 134.4 P eth) ean) 
65 37 oar a = Barlowe 


For footnotes see pages 317 to 319. 
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TaBLE 1.—(Continued) 


=~, 
8 
Producing Rock Es Deepest Zone Tested 
po xt to End of 1934 
5 ) sre 
| ae Structure? | SSS Herecate 
5 Rear Charae-| Por- | Thickness, | 3 $y Depth | '° Text 
s ge ter’ osity# ‘Average 2g Name of Hole, 
f Ft. 3 ae Ft. 
ale Analy Pe ines Airigehtt VSglte clibsos nnshana aearar ihe 
er. 1s | Per 20+ MG SE ot en 
4 | Dev LS Por 20 T 3x | Ordovician 
5 | Dev Ls Por 20+ MC 5z | Devonian 
6 | Dev LS Por 20 MC 
7 | Dev LS Por 40 AF 4x 
8 | Dev LS Por 40+ AF 1rx | Ordovician 
9 | Dev Ls Por 25+ AF 77 | Ordovician 
10 | Dev LS Por 25+ AD 8x | Devonian 2,190 
11 | Miss a FS Por 15 A 3 | Devonian 1,962 ; 
12 Miss 1 Cay 50+ Mc 10 | Devonian : jieon 
3 , av 10+ MC ici 
14 | Dev LS | Por 20+ MC Fi oneras 
15 | Dev LS Por 25+ SC 1zx | Ordovician 
16 | Dev L Por 20+ AF 22 | Devonian 
17 | Miss NS] Por es DA 9z | Trenton LS 3,815 
18 | Miss Sand Por 30 Dome 4¢ | Trenton LS 3.900 
19 | Miss Sand Por 60 ome 1zz | Devonian 
20 | Miss 8 Por 30 : 152 | Devonian 
21 | Miss 8 Por 20+ 8 1 Ordovician 4,975 
92 | Miss S |Por20 | 12°75 AN» Bae, | Tecnion 4702024 
23 | Miss, Dev us Por }2502 A 8 | Devonian 1,78025 
me T21 
24 | Miss S-L_ | Por-Cav 15+ we 2a15 | Ordovician 3,706 
25 | Dev , Ls Por 18+ MC 4 | Ordovician 855 26 
26 Miss LS Por 12 oe Ordovician 1,921 26 
27 | Silts L Cav 15+ ih 4x | Ordovician 16 
28 | Sil L Cay 15+ MC Silurian 
29 | Sil L Cay 10+ {Mc (ez | Silurian 
Por 
30 {Mine Ss . to 2 to 75 {AND leer | Ordovician 
31 {Mine Ss Por 30+ DA 6x | Devonian 
32 LS Por 20+ D 2c | Devonian 
33 Day {rs Por MC 1,zxx | Ordovici 
: LS 15+ { oe Cr, rdovician 
34 \aO a Ls Por 10+ {END l,crx | Ordovician 
‘A 
e 5 Por 
35 | Penn, Miss, Dev a { cena | 20 to 50017 os 93 | Devonian 3,628 
N 
Ss 
3 AAMs1 
36 | Penn, Miss, Dev | S, L, H Cay 10-8005 aww | 3685 | Devonian 4,181 
37 | Penn, Miss, Dev | 8, L, H oa 46 on 33. | Devonian 
Jav 
MCS 
38 | Penn, Miss, Dev} 8, L, H ey 20-50044 ae 19 | Ordovician 3,706 
av y 
TS 
39 | Penn, Miss, Dev }S,H,SL| Por ee a 29 | Ordovician 4,669 66 
150+ 
40 | Penn, Miss, Dev | S, L, H ae Mee MC 11 | Devonian 3,637 
av as ; 
A 
41 | Dev LS Por 20+ MC 15 | Devonian 2,284 


For footnotes see pages 317 to 319. 
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During 1934 some 40 to 50 new wells were drilled in the vicinity of Ida 
May in Lee County. Approximately 50 per cent were commercial 
producers from the Corniferous limestone, and at this time five wells are 
being drilled. 

During the year over 12 muriatic acid treatments have been made on 
oil wells producing from limestone in eastern Kentucky. Nine or more 
treatments were made in Corniferous lime producers, but no appreciable 
results were obtained. In the Buffalo, Owsley County, pool, which 
produces from a locally sandy phase in the Mississippian Chester lime- 
stone, three wells were treated during the summer of 1934 by William E. 
Snee, of West Elizabeth, Pa. “The production from these three wells was 
increased from 6 to 28 bbl. per day after a 50-day test. 

_ In the past three months intensive studies relative to repressuring and 
flooding have been made by leading engineers and geologists in the state. 
Prompt cooperation has been given by both members of the Kentucky 
Oil and Gas Association and the Geological Department of the State 
Department of Mines and Minerals. Experimental laboratories are 
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Sa 
gi 
Producing Rock Ss or Ree ee 
¥ ape Ref 
: me re! 
E Net Structure/ st 3 to Textt 
z Noae Charac- | Por- Thickness, BSE N Depth 
A Ag ark osity# ‘Average g oe ame of ie, 
a Ft. ze 3 z 
42 ea - shed te AD 1z_ | Devonian 
43 iss aves 20 ay 1 | Mississippian | 1,552 
44 | Miss, Dev 8, H, LS} Por 30+ A 2 Doras, 2,225 
175+ AF 
: 100+ D 
45 | Miss, Dev L, H Cav 100+ MC8 2 | Devonian 3,725 
Por 175+ 
i : 50+ 
46 | Penn, Miss §, L Por Oil-30+ A lx~ | Ordovician 3,350 66 
‘ Cav Gas-20+ 
47 | Sil 8 Por 25+ A lx | Silurian 
48 | Dey LS Por 40+ D 4x |Ordovician 
49 ae ~ i 20+ MC Iz 
50 | Or £ or 15+ D lx | Ordovician 967 
51 | Miss, Dev 8, L, H Por 40+ Depositional Devonian ae 
52 | Miss, Di §, LS Pr iss 
iss, Dey §, LS or 40+ D 2 Ordovici 
53 ye Sil 4 re a 30+ A 8 Dovodaat avi a 
54 ev 5 or 18 MC D i 
2 Ord a me a, 7 evonian 1,983 
56 | Or 5, LS Por AD Cz 
| Peon a id 7 : ambro-Ord. | 1,934 
58 | Penn, Miss, Dev | 8, H, L Por 40+ 59 DA 57 ‘| Ordovician 3,950 
Cav 450+ MC . 
TS 
59 | Dev , LS Por 40+ MC 25 | Devoni 
60 | Penn, Miss 8, L Por 20+ AF Munsnpisn 2,132 
6+ 
61 | Penn 8 ine 15 Channel 84 | Mississippian | 1,250 24 
or 
62 | Miss 8 18-20 20 A 10 Mississippi 
1 ppian | 1,350 24 
63 a“ 8 Por 40 AF 64 13 | Mississippian | 1,340 24 
64 iss 8, LS Por 5-5060 i 35 | Mississippian 950 24 
65 | Miss 8 i 2-22 AN 19 | Mississippian | 1,020 24 


For footnotes see pages 317 to 319. 
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2 Production from 1910 to date only. 

3 Production from 1916 to exhaustion. 

4 Production from 1910 to end of 1934, inclusive. 

5 The old oil lines serving this section were abandoned in 1928. Oil production when encountered by gas developing 
companies is either shut in or, if close to the railroad, shipped by rail. 

6 Gas production small, not commercialized. Production from Berea, Devonian shale and Corniferous lime 


PERCENTAGE OF TOTAL 

Numsnr Propucine AVERAGE 
SANDS Wes, By Horizons _—‘ Rock, Ls. 

@Penn. Salt sand.........200..0 0s sees eee ee eee cee nent teen nae 8.5 250 
Miss. Maxon......20-+ 06-000 s esses semen c nen e ences re ne nncete ee teee ners 12.7 275 to 400 
Misa: wesig dames Ings ajets:t)- le aieiar-J—e eiiaists *)airiocateielere su einieke Sere acieisiaipl 6.4 150 to 400 
poe Bingko shalestatcusne ciate Hes nwen.c Paces Ge AKRE er EEaNGT: 63.5 400 to 550 
Devs | Miscellaneous, ..2...2.-0c.2eeee cee eeteitires 1.0 300 to 600 

All DEY praram ies ciariece conve ai Setare Srosaienstate evicions haere R Sei Mots he iat eyelanaee 7.9 0 


8 Salvaging wells in the Big Sinking pool has become a very profitable business during 1934. Over 100 wells have been 
pulled and during 1935 the abandoned wells will possibly exceed 1934. 

pe Weir Sand,” “Miss.,” 875 to 910, produces oil and gas; Brown shale,.“‘ Dev.,”’ 1050 to 1400, produces gas only; Cor- 

niferous, “ Dey.,” 1425 to 1575, produces gas only. Small shows of oil and gas noncommercial encountered “Berea,” “ Miss.” 


Borrom Top 

10 to aes Fini) ((hnehO lo 10 60k 6 Gn eL ENCE RUM BOn Sc OnUOn mm nd a nOUnmaieir-a “omciceara 7s 800-1100 750-1050 
Fis), JME SWR Tipe ae, apy ee ar SIO Meee MEDD OO RODE Aen poole cians arc Omran 1000-1400 950-1350 
IFEc, Iain 8 oc | oR SOAe Sealed: alte os OMe SEs BUS Sats Conte erarets eer amore neste 1300-1800 1200-1700 
iNEst, 1S PLENHNg + ine SyeomtbidescoGnaNeh ate aden na chnameenbe Geir bond eeisapGnibpre nsuboc 1500-2000 1460-1960 
SETTER Cr con apt are ee ea yt oar eta crescy ete cuicis)n slesefuice «iptearve suanereicuaimimssce/ insets 2000-2800 1950-2750 
iD, IOS Hehe oa oneae colt eee aachp eon eh bee Lb> cr ann Onane coatoc Ubcer poms sDouds 2300-3500 1800-3000 
IDin, (Glia eec 5 ests oceS eke Le op So oir pba TRIRD ant eon ania ab eonios30 ab mng eat eas 3 2800-4000 2500-3500 


11 The Buffalo oil pool was commercially developed in 1923-1924 when 10 wells were completed in Sandy lime and sandy 
oolitic horizon in the Chester Mississippian. To 1928 this property delivered 16,081 bbl. of oil and during 1928 lost the 
market because the 4-in. oil line was sold to a gas-transportation company. During 1934 five wells were cleaned out, recon- 
ditioned and three were treated with acid. The first well treated was flowing once or twice a week from 2 to 4 bbl. During 
the first 50 days after treatment this well produced 1182 bbl., or more than the entire property produced at flush production. 
This is the only area in Hastern Kentucky known to the writers where acid treatments have been entirely successful. 

12 Gravity, 36.2°; B. 8. & W., trace; distillate: gravity, 37.7°; per cent, 10.0; color, prime white. 

13 Specific gravity, 0.85555, equivalent to 33.6° Bé. Distillate below 150° C. (302° F.); 15.4 per cent gasoline fraction. 
Distillate 150° to 300° C. (302-572° F.) 31.2 per cent burning-oil fraction; thick brown tar, 53.4 per cent. 

14 B.t.u. and gallons of gasoline per 1000 cu. ft. indefinite owing to leaking packers, etc. Gas from three horizons not 
separated. 

- Other than the dry holes drilled in the Isonville oil and gas field, some 35 or 40 dry or nearly dry holes have been drilled 
over Elliott County. Elliott County, Kentucky, is a structural paradise, being traversed from west to east by Sandy Hook 
anticline, on which are located the Sandy Hook and Burke dome with closures of 50 and 100 ft., and being flanked on north 
by the Little Sandy fault with a displacement of 65{ft. From south to north the Paint Creek anticline crosses the Sandy Hook 
anticline, forming Burke dome at point intersection. Of intensive interest in northeastern Elliott Creek on waters of Little 
Fork of Sandy River are igneous dikes, which have been a great promotion source and are known locally as the Diamond 
Mines. These dikes were prospected extensively during 1900 to 1905, for precious stones. : - 

15 From over 2000 holes penetrating the Maxon sand and Big Lime, only 35 wells produced oil of any commercial value. 
Oil when encountered in the Big Lime produces large amounts for a very short time, suggestive of creviced condition; while 
Maxon oil is produced from a brown to light, coarse sand with much longer life. 

16 Dr. William L. Russel [Oil and Gas Pools of Hart County, Ky., Kentucky Geol. Survey Bull. 5 [7], correlates the Blue 
sand (Corniferous) in this pool as Silurian in age; while to the north, because of the Northwest dip, the Devonian shale rests 
on progressively younger rocks, possibly Devonian limestone. 


7 THICKNESS 
50 to 100 Sand 
20 to 110 Sand 
100 to 240 Lime Cav 
20 to 60 SL 
30 to 75 8. shells 
475 to 560 Shale 


500 pays top or bottom 


18D. J. Jones and A. C. McFarlan [Geology of the Big Sinking Pool of Lee County, Ky. Bur. Mineral and Topographic 
Survey, University of Kentucky (1933)] have most efficiently discussed deposition, stratigraphy, structure and deformation, 
reservoir, source rocks, development of reservoirs and factors governing accumulation for this area. 
W. R 


Bull. 3 [5] (1980). 
25 Ae a on Kentucky Geology. Kentucky Geol. Survey (1921) [6]. 
26 W. R. Jillson: Kentucky Geol. Survey (1922) [6]. ies ‘ f : :. 
27 Cumberland and Clinton counties have produced over two million barrels of oil, but as oil has been shipped by water, 
truck, pipe line and railroad for over forty years, production figures are impossible. The old American well was drilled in 
Cumberland County over ninety years ago, ‘and oil from same was used for medicinal purposes in this county and ‘Europe. 
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% Production 4,902 bbl. Sept. to Dec., 1923 inclusive; 12,912 bbl. in 1924; 10,524 bbl. in 1925. 


29 Oil production is from the Pennsylvanian salt sands, and in all this small pool has never exceeded 175 bbl. per month. 


From August, 1919, to September, 1922, only 3278 bbl. of oil was run. 


Several of these oil wells were deepened to Miss. Big Lime, where large open flows of gas were encountered. Some 
wells are reported as large as 3,500,000 cu. ft. open flow, and original pressures of 2401b. This production is utilized 


domestically in the town of Williamsburg. 
30 No market for developed gas. 


31 Gas from this field is delivered to transmission line nine miles to north in Morgan County. Production is near depletion 


at this time. 


32 This field is practically depleted. } _ 
33 Gas from this on ie i for local domestic purposes and for the manufacturing of carbon black. All carbon 
ing has been discontinued. ; 
mania” Las PERCENTAGE OF TOTAL 
. Numepzr Propucine 
34 Sanps WELLs, sy Horizon 
Penn; Salt sand... yell iahi teas home ova c Lvlolass oe migteres iolove ee Oe SGA pas ale aan at alee ‘ t-2 
Miss. Maxon...... soie9 sinis susie (eeve. ls) oie le 21s alplo a =/a}o%s ean) =a al lil aot ee 7.6 
Miss. Big Lime, Injun.,.s5. 2ese cc) ene 2 aie pints nee eletcee esate todos coste Oana bere eleetat ete teeenee a3 
Dev;. Black-shale.. cy, o.5:ccisc:6 0.03 dieses syne ayo ala «wate og atch cl eo =a om ca 64.7 
Pyne hater aiatalinvsaavaica > G'G,0 ara 'tanalieafinfeaala Spataveve Arcteuates ccm eae o ale Inve ale taste nan 3 ar ratte 21.2 
PERCENTAGE OF TOTAL 
Noumsrr WeEtis Pro- 
SANDS DUCING, BY Horizon 
36 Penn. Salt sand 16.1 
Miss. OW ate clare. stale totcle aioe on deem etree emawersie teenie 23.9 
Miss. Big Lime, Injun 16.0 
Dey. Black shale 29.1 
Miscellaneous 0.6 
1D Byatt Mine On DARI enc sain ater SHA boc en MAR indre cn So swhireaioe 3 a ac 14.3 


36 Production furnishes town of Hazard domestic. ; 
37 Gas production from this field is only utilized locally for domestic pi 


urposes. 
38 Although five of the producing gas wells are on the Indian Creek dome, which has only a small closure, the authors 

believe that production is controlled entirely by accumulation in creviced limestone, with no direct relation to structures. 
39 During 1931-1932 eighteen gas wells were drilled in the Artemus Himyar field of Knox County, Ky., developing 15,000,- 


000 cu. ft. of open flow. f 
40 Menifee gas field exhausted now being used for gas storage field. 


41 Gas production from this field is utilized domestically in small town of Stanton and as fuel to pump oil wells in Lee 


County. 


42 During 1927—28 wells were completed, reported as developing 3,511,000 cu. ft. of gas from 20 wells and 6 barrels of 


oil from two wells. Other than local use no market has as yet been obtained. 


PERCENTAGE OF TOTAL 
Numprr WELLS Pro- 
43 Sanps DUCING, BY Horizon 

Penn: Balt: sande. 525.008 5 oe Seas ict ee rere te Ree ieee me 19.9 

Miss) Maxonloy,cc saan 5.6 

Miss. Big Lime, Injun 4.2 

Migs)’ Weirss ict decease setae nae se lenis sateen mesmte 23.0 

Dev: * Black shale. 537 852.0. ae, eee eee ee 9.9 

Dev Cormif, ..cccciste mater sean cee mane eee ee 2.0 

PAM PDE se cy a canie’s Sects p ctse pe tis ee site aaleee MOREE BrOht e ercereTenn ie Nett cen eet ee eee 35.4 


Large percentage of dry holes due to extensive wildcatting for oil and gas in vicinity of Weir oil and gas fields. 


PeRcENTAGE oF ToTAL 
Nomeprr Propucine 


44 SANDS WELLs, BY Horrz 
Penns Balh Gande se .ea se eaivie # asiesesee/eheraieinssyere nC IR: on citeticteiercicin een eee one 32 = 
Miss. ‘Maxon’ .inivissaiaisahonnate arise’ debe case oe 4 oe Sap 8.2 
Miss. Big Lime, Injun. . 6.8 
Dev. Black shale...... 68.6 
ete \ Miscellaneous atcPatey cures ase obPere cubs Ne Soli mtatceamttsvap' silo aters te tuum ee dale ice coerce 1.4 
All DRY ans. wave mscotacoseca to Ulese Neage ence easct hte Meal ra as i TERR ROTOR ecole ees rcs een 11.9 


45 This Weir gas field is near completion, 
46 Similar to Floyd County. 


47 Similar to Floyd County, but slightly deeper because of higher topographic elevations. Relief variations 600 to 1500 


feet. 


48 Producing horizons in this pool are Maxon from 1080 to 1110+, brown shale from 1780 to 1950+ and Corniferous 


lime from 1960 to 2100+. 


49 Of intensive interest in this field is the fact that the rock pressure of all sands both shallow and deep is around 3 
The only explanation the authors can reasonably assume is the fact that the Artemus anticline south of cS Pa peeended 
by a fault. This, with other disturbances caused by the Pine Mountain overthrust fault 15 miles to the southeast, have 


permitted the pressures of the various horizons to equalize. 
50 Distilled below 150° C. (302° F.) gasoline fraction is 16.3 per cent; distilled 150° to 300° C. (302°-572° 
fraction is 32.6 per cent; green-brown tar, 49.8; water, 0.4; loss, 0.7. 


F.), kerosene 


51 Gravity, 35.8°; color, dark brown, thin; distillate below 150° C. (302° F.), 18.9 per cent; distillate 150° to 300° o 
572° F.), 31.0 per cent; thick brown tar, 49.7 per cent; lost in analysis, 0.4 per cent. Gasoline fraction, ae diy. fave 


Began to distill at 60° C. (140° F.). 
52 Gravity, 34.0°; B. S. & W., trace. 
58 Gas from the Corniferous in this field is so impregnated with SO2 that it is noncommercial at this date. 


54 Gas from the Weir gas fields is higher in gasoline per 1000 cu. ft. than gas from any other horizon in 
°° In the Ashland gas field the Gordon sand appears in lenticular bodies in the Devon shale Lap emer ae 


open flow, but at no other place in Kentucky does this sand appear. 


; 
; 
{ 
; 
. 
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56 The Corniferous in this field is impregnated with SOz. 

57 Due to high porosity of sand this field will probably show a recovery of 65 per cent. The recovery of entire pool esti- 
mated 2,500,000 barrels. . 

58 Slightly (15 per cent) deeper than Floyd and Knott, owing to more eastern position in Appalachian trough, and Black 
shale thickens from 150 to 200 ft. in eastern Pike County. 

59 Similar to Floyd and Knott County except that Weir sand in Miss. series comes in at depth of from 1000 to 1400 ft. 
Average thickness 50+ ft. One to three pays separated by shale breaks. 

60 The Jett sand on one lease varies in thickness from 5 to 52 feet. 

61 In the Canada Maxon sand gas pool of Pike County structure is directly a controlling factor. 

62 Shallow sand production in central and eastern Martin County are more controlled by the Warfield anticline and fault 
than is similar production in Floyd and Knott counties. 

63 Structure, especially minor structures are of very little or no importance in Kentucky’s gas development. Depositional 
conditions, such as alterations from sands to shales, old sand shore limes, and leaching of limes are of far greater importance. 
In most cases production shows no relation whatsoever to minor folds. ; 

64 The (Hardinsbury) Jones sand of the Lindsay Taylor pool, although 40 ft. thick, carries oil only in the top 12 ft., and 
the lower part of sand carries large amounts of water. In most of the offset dry holes the sand became too shaley to carry 
oil. Structure does not seem.to be an important factor. 

65 Shallow test dry were made before 1920. : 

66 Although 70 per cent of the gas development was after 1928, W. R. Jillson has fully outlined the development of 1926 


in his Kentucky Geol. Survey Series VI, New Oil Pools of Kentucky. 


being opened by the State Geological Division and actual experiments 
will be made during 1935 in some of the nearly depleted oil pools. Prob- 
ably the next few years will see much activity by the industry in applying 
the various methods of increasing production from old wells throughout 
the state. 
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Oil and Gas Development in Louisiana 


By B. C. Crart,* Memser A.I.M.E. 


(New York Meeting, February, 1935) 


LOUISIANA experienced deeper and increased drilling during 1934, 
resulting in the discovery of five new fields: Bosco, Acadia and St. 
Landry Parishes; Lake Hermitage, Plaquemines Parish; Roanoke, Jeffer- 
son Davis Parish; Gillis, Caleasieu Parish; and Four Isle, Terrebonne 
Parish. New sands were discovered at New Iberia, Iberia Parish; Lake 
Washington, Plaquemines Parish; Sligo, Bossier Parish; and in the 
Rodessa gas field, Caddo Parish. Other miscellaneous events worthy of 
mention are the continued leasing of prospective oil and gas lands in 
North and South Louisiana, extensive geophysical work in the Gulf 
Coastal area, and increased interest in the development of flank produc- 
tion on piercement type domes, resulting in the acquisition of flank 
acreage and the leasing of several shallow domes in the Gulf Coast and 
Interior salt-dome areas. 

The total oil production for Louisiana during 1934 was 32,529,082 bbl., 
an increase of 6,929,280 bbl. over 1933. The total daily production at the 
end of the year from 2421 wells was 102,752 barrels. 


Nortu LovIsIaNa 


During the year, 144 oil wells and 68 gas wells were completed in North 
Louisiana as compared with 111 oil wells and 47 gas wells during 1933. 
The North Louisiana oil production was 9,274,050 bbl. as compared with 
10,023,580 bbl. during 1933, a decline of 749,530 bbl. The normal 
decline in the old fields and especially in the Zwolle area was partly offset 
by increased production in the Converse field, Sabine Parish, and by acid 
treatment of wells in the Zwolle, Converse and Caddo fields. There were 
no new fields discovered during 1934. 

During the year R. W. Norton enlarged the boundaries and reserves of 
the Rodessa gas field. A series of gas-bearing sands, was discovered in 
J.B. French, No. 1-B, sec. 34, 23 N. 16 W., below the oolitic lime found at 
5500 ft. in which formation all previous wells had been completed. The 
total depth of this well was 5825 ft. Subsequent drilling has resulted in 


Manuscript received at the office of the Institute Feb. 21, 1935. 
* Assistant Professor of Petroleum Engineering, Louisiana State University, 
Baton Rouge, La. 
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TABLE 1.—Oil and Gas Production in Louisiana 
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NN $$$ 


Area Proved, Acres Total Oil Production, Bbl. 
3 5 
a i=) 
a 3 
ry Field, Parish S 2 ae 
Ss. = ¢ - oD = DS 
gq a ae Ge) oO rd 
E 5 S S = & ae 
Z eS z Zz Py A as 
cs OS a Q g aa a = Bo 
; bo E 7 
a 2°} &§ |S | 5 |e = A A ie 
‘Ty Gadget Cad 
pl Cada etree cs 31 | 32,500 0| 15,040) 47,540] 144,370,805] 2,204,970] 2,249,115 | 6, 
2| Red River—Bull Bayou, De- as) 
Soto, Red River........-+. +++ 21 | 11,000 0| 3,300) 14,300] 55,262,350| 593,525, 544,540 | 1,555 
3 | Lake Bisteneau, Bienville...... 19 0 0 600 600 
4| Elm Grove, Caddo, Bossier....| 19 320 0| 14,600| 14,920] 2,902,550) 125,295] 135,120 365 
5| Monroe, Ouachita, Morehouse, 
IRONS iso Sw Sie aie ose ears ee 19 0 0} 123,340} 123,340 
6| Bethany2, Waskam, Caddo....| 19 0 0} 1,800} 1,800 
7 | Homer, Claiborne aucaatee eee 16 0| 3,024 0} 3,024) 64,486,300 977,785 967,605 2,680 
8 | Haynesville, Claiborne........ 14 0| 7,480 0| 7,480| 64,138,675) 1,404,570) 1,371,630 3,745 
9 | Shongaloo, Webster........*.- 14 70 0| 5,680) 5,750 89,030 10,370 7,485 25 
10 | Bellevue, Bosster.......--.--- 14 1,360 0 160} 1,520) 9,139,510 0; 63,825 515 
PE "Slizo: Bossien....- ness <n 13 0 0} 4,160} 4,160 
12| Spring Hill—Sarepta, Bossier, 
ier oe ane oeeerecrioe 18 570 0} 1,120) 1,690} 1,136,675 191,900 162,970 354 
13 | Cotton Valley, Webster........ 13 3,900 0} 2,700} 6,600) 14,515,425 199,500} 190,765 500 
14 | Carterville, Bossier........... 11 720 0) 2,720} 3,440) 1,338,755 85,905 92,810 241 
15 | Urania, Grant, LaSalle, Winn | 10 3,700 0 0| 3,700} 19,152,935 933,480] 1,124,145 3,325 
16 | Richland, Richland........... 9 0 0| 49,280} 49,280 
17| Pleasant Hill, Sabine, DeSoto..| 8 800 0 0 800) 1,315,275 90,925 75,535 185 
18 | Zwolle, Sabine........-----++ 7 | 64,0008 0 0} 64,000) 11,877,970) 2,938,985] 1,678,710 2,860 
19| Epps, Last and West Carroll...) 7 0 0| 1,200} 1,200 
20 | White Sulphur Springs, LaSalle | 7 80 0 0 80 12,290 0 0 0 
21 Holly, DeSoto...........0«++- 5 80 0 0 80 748,265 74,850 65,385 155 
22 | Rodessa, Caddo......-....-++ 5 0 0} 3,100} 3,100 
23 | Sugar Creek, Claiborne.......- 4 0 Of} 2,800) 2,800 
24 | Clayton, Concordia.........-. 4 0 0 60 60 
25 | Converse, Sabine..........-.-|_ 3 1,600 0 0} 1,600 645,930 101,520) 544,410 1,415 
26 Total, North Louisiana. .... 120,700 | 10,504| 231,660) 362,864 391,132,830| 10,023,580] 9,274,050 | 24,010 
South Louisiana 
27 | Jennings, Acadia.........-.-- 34 235 0 0 235) 50,829,208 406,250 451,991 1,448 
28 | Anse LaButte, St. Martin..... 33 25 0 0 25 784,112 13,850 11,850 32 
29 | Welsh, Jefferson Davis.......- 32 50 0 0 50 580,835 16,180 9,831 35 
30 | Vinton, Calcasieu........--++: 25 265 0 0 265| 40,507,001} 1,380,860) 1,141,041 2,855 
31 | Edgerly, Calcasieu.........-.- 23 215 0 0 215) 8,222,583 53, 78,744 594 
32 | Pine Prarie, Hvangeline........ 23 10 0 0 10 20,000 0 0 0 
33! Houma, Terrebonne........--- 23 0 0 720 720 
34 | Bayou Bouillon, St. Martin... . 19 12 0 0 12 372,894 0 0 0 
35 | New Iberia, Iberia. ae 18 25 0 0 25 136,067 0 63,720 300 
36 | Lockport, Calcasiew........-.- 11 270 0 0 270| 12,537,744 951,765 712,388 1,931 
37 | Starks, Calcasiew..........++- 10 50 0 0 50 1,834,832 333,655 264,760 631 
38 | Sulphur, Calcasiew.........-.- 9 50 0 0 50 7,163,795 887,095] 1,280,036 3,612 
39 | Sweet Lake, Cameron........+ 9 250 0 0 250} 2,898,199 335,960 6,725 947 
40 | Fausse Pointe, Iberia.......-- 8 10 0 0 10 31,726 0 0 
41 | Hackberry, Cameron........-+ 7 80 0 0 80) 2,095,489 212,060 191,835 610 
42| Hast Hackberry, Cameron..... 7 140 0 0 140) 10,049,862] 1,805,560) 1,728,862 4,881 
43 | Sorrento, Ascension...........| @ 20 0 0 20 533,227 15,145 10,200 39 
44 | White Castle, Iberville........ 6 30 0 0 30] 1,234,664 195,010 199,781 444 
45 | Port Barre, St. Landry.......- 6 75 0 0 75| 4,004,032} 1,005,790 980,211 3,590 
46 | Dog Lake, Terrebonne.......-- 6 10 0 0 10 7,318 0 0 
47 | Bayou Blue, Iberville........-- 6 30 0 0 30 61,837 0 0 
48 | Black Bayou, Cameron.......- 6 30 0 0 30| 1,728,918] 289,515} 410,746 999 
49 | Lake Pelto, Terrebonne......-- 6 20 0 0 20 158,922 18,460 1,271 0 
50| Lake Barre, Terrebonne.......- 6 100 0 0 100) 9,133,532} 3,072,685) 1,797,082 5,133 
51| Caillou Island, Terrebonne....| 5 30 0 0 30} 1,711,502) 342,715) 1,862,782 5,318 
Footnotes for column heads and explanation of symbols are on page 249. ; 
1 Includes the following districts: Cedar Grove, Shreveport, Jeems Bayou, Trees City, Monterey, Harts Ferry, Ferry 
Lake, Mooringsport, Gilliam, Pine Island, Vivian Dixie and Blanchard. 


2 Includes the part of each field in Louisiana and the Greenwood area. 
3 Scattered production over 64,000 acres. 
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the completion of two gas wells with an average daily production of 
56,000,000 cubic feet. } 
In the Red River-Bull Bayou field, Bailey Gaunce et al., Jenkins, on 
No. 1, sec. 35, 13 N. 12 W., was completed as a 6,000,000 cu. ft. gas well | 
from 3577 ft. in the Glen Rose, opening up a new gas horizon for this field. | 
In the Sligo field, the Producers Oil and Gas Co., Inc., completed | 
W. H. Werner No. 1, sec. 7, 17 N. 11 W., from a new sand at 3285 ft., for 
16,500,000 cu. ft. of gas. The Woodley Petroleum Company’s E. A. 
Schuler No. 5, sec. 18, 17 N. 12 W., was completed for 58,500,000 cu. ft. of 
gas from a new sand at 2792 feet. 
An interesting repressuring project was started in the Homer field, 
Claiborne Parish. Results indicate it will prove highly successful. 
Sabine Parish was the most active area during the year; however, there 
was a sharp decline in activity in the Zwolle and Converse fields. The 
decline in production was partly offset by the intensive use of acid. 
Wildcatting has been extensively carried on in the east and southeast 
flanks of the Sabine uplift and on the flanks of the interior salt domes. 
North Louisiana gas production increased 34,292,000,000 cu. ft. in 
1934 over its 1933 figure. The Louisiana Department of Conservation 
~ gage of Nov. 1, 1934, shows an open-flow capacity of 4,951,019,000 cu. ft. 
per day from 885 wells in the Monroe field and 1,149,044,000 cu. ft. from 
190 wells in the Richland field. 


SoutH LovuIsIANA 


Bosco.—The most important discovery during 1934 was the Bosco field 
in Acadia and St. Landry Parishes, 8 miles northwest of Lafayette. The 


TABLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 


g 
g cs 

; A pa Om 
a Yield, Parish ) So ea 
& : = 3 = io 
q g S a S Se 
z > 3 6 = Pe 
2 ¢ ic] A= | a= > 
& 0 ° 3 E} sf = 
a = a =) =) [=e 
52 | Cameron Meadows, Cameron..| 4 20 0 0 20 556,399 51,250 479,864 1,589 
53 | Choctaw, Iberville......... ae 20 0 0} = 20} = 662,119} 101,590] 312,119 | "504 
54 Lake Washington, Plaquemines| 4 200 0 0 200 704,137 186,967 359,804 1,051 
55 | Leeville, Lafourche........... lee 210 0 0 210) 5,057,161 361,285] 4,268, 159580 13,972 
56 | Iowa, Calcasieu, Jefferson Davis| 4 0} 1,000 0) 1,000} 9,154,129} 3,365,060 5, 276, 444 17,149 
57 | Darrow, Ascension........... 3 20 0 0 20 15,839 9,925 5,109 
58 | Gueydan, Vermilion.......... 3 50 0 0 50 489,261 164.770 104853 1 sat 
59 | Bosco, Acadia, St. Landry..... 1 1,000 0 0} 1,000 1,061,878 0] 1,061,878 7,428 
60| Lake Hermitage, Plaquemines| 1 10 0 0 10 405 eg 3 eae 
61 | Roanoke, Jefferson Davis...... 1 120 0 0 120 238,736 0} 238,736 1,451 
62 | Four Isle, Terrebonne......... 1 10 0 0 10 20,412 
63 | Gillis, Calcasiew.............. 1 100 0 0o| 100 48,362 0 rt 369 462 
64 Total South Louisiana wien 3,792 | 1,000 720) 5,512) 174,147,132) 15,576, 222 23,255,032 2 
65 Total, Louisiana.......... 124,492 | 11,504} 232,390] 368,376] 565,279,962 25,599,802 32, 539, tae 108 153 


ee 


3a Histimated. 
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Average Oil Total Gas Production, . 
Pralankion: Bbl. Millions Cu. Ft. Number of Oil and/or Gas Wells 
as At End of 1934 
s ‘ a 
2 5 Zz ~ Ble iv=| 
3 |e |S#| x Be erp ineilal pose 
a3] ea [SS & 3 ° mn a le “a 
Sm |‘an ot 68 x AS ies S 6 |6 & 3 
2 8S iQ: oo Be) pel 8 os mS inet 5 
© SS oe S S = eS], | 2] ele | ee \e 3 
Bis BS |S ae) tn = w | os os 6/8 a la 2] 4 
“3 |22(e%) & | 2 | 2 |g) 22/2 | a a8! = lea) =| 3 
be 
Seige tee Oe A | 4 |s°| 82/8] 4 le| é eo] & | 
4,442 278) 6 131,516 1,198 1,401 6| 3,745} 45 | 59 | 251,054) 0) 34) 1,088 
5,024 264) 8 59,844 3,071 1,447 5| 1,238 TiNepoo 8] 188) 0] 44) 282 
2,012 70 0 0 10 0 5 0 0} =O 0 0 
9,070} 1,114) 10] 202,524 2,252 2,854 11 249 [ 1 0 0 35) 0} 45) 80 
1,674,560 | 118,424 | 163,376 565 908| 31 1 6 0} 0} 793) 793 
16,630 1,501 1,629 6 67 0 3 0 0} 0} 18) 18 
21,655 344, 7 5,168 333 191 2 627 0 3 0 0} 365 0| 365 
8,575 343} 11 - - A 4 4 766 1 9 1 0} 335 0} 335 
1,272 106} 12 70,333 753 169 7 91 0 1 0 2) 0) il 9 
6,720 840) 10 2,096 252 131 1 352] 11 3 0 50) 0 2) 52 
: by 3,386 12 58 5 0 0 CO) sd se 
1,994 181) 30 25,4698 1616 298 1 43 0 3 0 12) 0 5 17 
3,722 338) 7 69,524 2,150 2,167 if 278 0 0 0 75| 0} 33) 108 
1,859 116} 4 16,955 33 0 0 133 1 0 0 57| 0 Ol Seow 
5,176 575| 16 5 0 0 0 443 1 1 5 | 206) 0 0} 206 
400,389 56,449 32,373 108 284) 1 10 | 18 0} 0} 195) 195 
1,644 103} 4 57 0 1 0 42| 0 0} 42 
185 23) 21 307| 36] 57 0} 140) O 0} 140 
750 49 142 1 5 1 0 1 oO; =O 4 4 
154 17 12 0 0 2 (0) 0 0 
9,353 850) 26 0 0 0 0 12 0 0 0 6) «0 0 6 
23,329 7,784 13,934 48 16 6 0 0 0} 0}; 16; 16 
15,693 3,695 4,238 18 9 1 0 0 Tie 1) es ae | 
11 0 0 0 1 0 0 1 0;  O 0 0 
404 40) 20 105| 64] 16 3 74) 0 O| 74 
192 | 2,716,808 | 193,175 | 227,467 | 7,971| 9,816 | 212 211 | 65 | 1,941) 700) 1,244) 3,885 ~ 
216,295} 3,933) 41 515 4 0 3 36) 0 0} 36 
31,365 896) 8 34 0 0 0 4, 0 0 4 
11,617} 1,542) 3 66 0 0 0 11 0 0 11 
152,857 | 1,698) 32 438 8 7 1 80; 0 0} 80 
38,245 294) 35 175 3 0 3 15} 0 Oo} 15 
2,000 67; 0 4 0 0 0 0) a 0 0 
> 14,295 0 0 0 10 0 0 6 0} 20 0 0 
31,075 | 1,110) 0 10 0 0 0 0} 0 0 0 
9,071 197) 300 5 1 0 0 1 0 0 1 
46,436 464) 62 80 5 2 1 29) 0 0} 29 
36,697 917) 35 26 2 0 2 18} 0 0| 18 
117,655 981) 74 203) 29 1 5 45 0 O| 45 
9,593 240) 190 8 0 0 0 5} (0 0 5 
3,173 453 4 0 0 0 0} 0 0 0 
26,194 748) 32 53 6 5 | 21 0 Oo} 21 
40,199 619} 100 102 7 1 6 49) 0 Oo} «49 
26,661 | 1,777) 13 6 0 0 0 3) 0 0 3 
41,155 | 1,372) 148 3 0 0 3 3 0 0 3 
53,387 | 1,525| 156 36) 12 0 3 24) 0 0| 24 
713 59 1 0 0 1 0} oO 0 0 
2,061 103 6 0 0 0 0; =O 0 0 
5,736 48) 166 13 5 1 2 7 0 0 7 
7,946 | 145) 0 2) 0 0 1 Oo} 60 0 0 
91,335 | 1,218] 321 31) 8B) 1) 2] a6) - OF" 6 Te 
5,705 63) 760 8 5 0 0 7) (0 0 7 


4 Included with Homer. 
5 Included with Elm Grove. 


6 Spring Hill gas production; 


Sarepta gas production included with Cotton Valley. 
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Superior Oil Producing Company’s P. O. Hernandez No. 1, sec. 34, 
88.3 E., encountered the Discorbis (‘‘Hernandez’’) sand from 7831-56 av, 
the Heterostegina (“Mire”) sand from 8028 to 8060 ft. and the Marginu- 
lina (‘‘Richard’’) sand from 8614 to 8629 ft. This well was completed 
in the Discorbis sand through perforated casing from 7846 to 7850 ft. 
with an initial production of 2400 bbl. of 37° A.P.I. oil per day. During 
the last six months of the year 21 wells were completed and the proven 
limits extended until it now embraces over 1000 acres. Gas sands overlie 
the Discorbis and Marginulina oil sands. While no wells have been 
completed in the third, fourth, and fifth Marginulina sands, good satura- 
tion has been reported from cores taken in these zones. 

The structure at Bosco consists of a broad, slightly arched dome cut 
by several faults and having at least 100 ft. of productive closure and 
possibly as much as 200 feet. 

Roanoke.—In May, 1934, the Shell Petroleum Corporation completed 
its Kratzer No. 1, sec. 12, 9S. 4 W., Roanoke prospect, Jefferson Davis 
Parish, for an initial production of 47 bbl. of 37° A.P.I. oil per hour from 
8660 to 8682 ft. This sand is probably in the Marginulina zone. During 
the last six months four wells have been completed, resulting in three oil 
wells and one gas well. The producing limits of the field have not been 
defined. In the course of development Humble Oil and Refining Com- 
pany’s Kratzer No. 1, sec. 11, 9S. 4 W., found a second producing sand in 
the Marginulina zone from 8814 to 8830 ft., which produced 4,000,- 
000 cu. ft. of gas and approximately 40 bbl. of distillate. Later a third 
sand was encountered in Humble Oil and Refining Company’s Devilbiss 
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Average Oil Total Gas Production, . 
Production, Bbl. Millions Cu. Ft. Number of Oil and/or Gas Wells 
During At End of 1934 
1934 

5 L = & > = 

z |e |ea| x 2 Te 3.| Ble eae 
i = $x BS S eS Ax 3° ee) m HS a 2 
Ze. Be ay ae 2 | = |48|3 7 |e) See eerie 
8] » = ioe = ce 3 a= | 8. 3/8 S a | Salles 
4) 23 |20\(s4| & 2 H |82/ 28) 2/3 |ge| 8 i.) 314 
2] 58 | ss lee] 5 5 | 88] #2 | & | g |88| 8 Se] 3 | 2 
SpA fagiahe || ost se e | 8 A }e™ oe | sh lee) ee ee 
52] 27,817] 695) 265 Sees 
53| 33,106] 828] 168 ra 0 t 3 . 3 
54| 3,521] 135 16 | xt |}, 2 3i ease Ol anol eee 
55| 24,081) 201] 264 71) 60'| “1 |) 18 |) 752! Ol. oleae 
56| 9,154] 173] 365 185 0 185 y 51 ae emon) v2 0| 48] o| 48 
57 792 23 2 
58| 9,785] 316] 34 5 0 3 0 4 x 0 4 
59 082 12| 530 21.| -21),|| 0" “0.9 21s Ole Olmnat 
60 41 3 116 ema tere el mee Ol oO; BO 90 
61| 2,387 48| 725 2 so 0 41/90 9'0|| ee 
62| 2,041 73| 358 1 
Bl au) Bae Nie 
64 198 14,480 0 185 1,895| 214) 19 | 59 | 481! 48| Oo 
: ; 52 
65 2,731,288 | 198,175 | 227,652 11,711] 426 | 230 | 124 | 2,492] 748] 1,244 aig 
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A Depth, Ft A er £ Character of Oil Approx. Avera; 
verage ahts ) = ge 
ge Dep’ etl : x ind of Pressure, Lb. per Sq. In. during 1934 
amber of Average at End of Sasha Lat 
~] 
q =f ihe 2s 4 8 
Bel os law ® 
a8 as. |#|  lelelSe ete eee 
ah oe loese tel arise! - « | 2 | 4 [Se] 28 | 3 
a y-0]= ons Is | 8\5/ze ei x oo 3 e 2) 338 Q 
= ae = | & joes 3 S = = aie les Bo a 
1 2,0677 10 0} 1,054] 0] 0) G | 415-1,650 90037 | 36137-250| 25-46 | 14-26 | 38) 0.5-0.35 A, P 
2 oa 787-2,600-| 0) 188) 0} 0) G 350-975 100 295 41.5) 40 41) 0.25 P 
3 2,018-2,553 1,993-2,544| 0 0} 0) 0 800-1,056 220 0 
4 1,6458 1,6218 0} 35] 0} 0 400-1,100| 20-90- | 25-70- 32 28 30| 0.40 M 
110 90 
5 2,205 2,145 0 0} 0) 0 1,050 501 466 
6 1,823 1,718" 0 0} 0} 0 400-1,325 50038 45088 
7| 1,345-2,065| 1,280-2,040| 0) 365 0} 0| G x 0 0 38 35 36] 0.80 P 
8| 2,805-4,844| 2,790-4,559) 0) 335 0} 0| G © 12 12 35 32 33] 0.40 P 
9 2,680 F 0 2| 0} 0 1,050 40 40 30 28 29) 0.35 M 
10 | 370-1,035- | 360-1,010-| 0 50| 0} 0 175-750 0,y 250 20 19 |19.2) 0.80 A 
1,815 1,790 ; 
11 | 8839-1,745- | 8459-1,710-| 0 0} 0) 0 375-1,825 733 09-250- 
2,480 2,445 320 * 
12 2,691- 2,686— 0 12| 0| 0 1,300 88 96 28 25 26| 0.32 M 
3,063-3,165| 3,059-3,143 
13| 2,547-4,652| 2,532-4,350 0 75| 0} 0 1,080-1,750 225 225 30-52 | 29-48 31/0.25-0.09] M, P 
14| 3,085-3,170| 3,080-3,143) 0 57] 0} 0 1,250 0 0 44 38 41| 0.27 ie 
15 1,536 1,529 0} 191) 0/15 E] 0 0 22 19 |20.5) 0.30 A 
16 2,447 2,34912 0 0} 0} 0 1,125 214 155 
17 3,237 3,175 0} 42) 0) 0 1,350 0 42 38 40} 0.30 12 
18 2,440 2,280 0} 137| 0) 3 750 0-250 455 338 40) 0.10 
19 2,344 2,336 0 0} 0| 0 1,080 987 1,060 
20 804 794 0 0} 0} 0 0 
21 2,851 2,838 0 6] 0} 0 900 840 800 45 38 41) 0.22 iP 
22 5,676 5,560 0 0| 0| 0 2,400 3,250 1,985 
23 4,420 4,314 0 0} 0} 0 1,800 1,500 1,020 
24 1,438 1,415 0 0} 0} 0 630 630 630 
25 | 1,922-3,232 1,617-3,150: 2 72 0} 0 36 36 36 46 42 43] 0.15 ip 
26 2| 2,621) 0/18 
27 1,944 1,83318 2 34| 0} 0 295-550 0-150 0-140 |26-34.5/21-34.5} 28| 0.17 A 
28 1,506 1,35114 0 4| 0} 0 200 30 30 24 22 23| 0.37 A 
29 1,158 1,148 0 11} 0} 0 50 0 0 22.6 20812273) OFt5. A 
30 2,752 2,68515 1 79| 0} O z 105 55 32 20 |29.4) 0.30 A 
31 3,145 3, 10716 1 14| 0) 0 x 20 50 22 19 20; 0.18 A 


7 Average depth of all wells completed. 
8 Average bottoms of wells and tops of productive zones are as follows: 840-804 ft., 1556-1548-ft., 1915-1896 ft., and 


2496-2469 ft. 
9 Two wells completed in the Glen Rose. Average to top and bottom of sand 4108-4263 ft. ; pressure 1800 lbs. One well 


completed in the 2750-ft. sand. 
10 Producing horizons and average depth to top of horizons are as follows: Nacatoch, 1000 ft.; Chalk, 1437 ft.; Buckrange 
1823 ft.; Tokio 2260 ft.; and Trinity 3647 ft. ; A 

11 Also produces from contact of Upper and Lower Cretaceous, contact of Washita and Fredericksburg, Glen Rose and 
Lower Glen Rose. The producing horizons are found at the following average depths: Nacatoch sand, 1000 ft.; Buckrange, 
1950; 2300-ft. horizon, 2250-2350; Adams eand, 2600-2700; Augurs 2900-3000; 3100, 3200 and 3300-ft. sands; Ist Lower 
Glen Rose horizon, 4645 ft.; 2nd Glen Rose horizon, 4697. 

12 One well completed in the Glen Rose at 2936 ft. 

13 Production obtained from following zones: 1515-2075 ft.; 3915-4330 ft.; 7300-7392 ft.; and 8600-8760 ft. 

14 Production obtained from following zones: 400-760 ft.; 1380-1535 ft.; and 1645-1890 ft. J 

15 Production obtained from following zones: 1100-1170 ft.; 1510-2150 ft.; 2200-2800 ft.; 2915-3272 ft.; and 3395-3666 ft. 

16 Production obtained from following horizons: 1060-1558 ft.; 2314-2355 ft.; 9655-2795 ft.; 2890-2920 ft.; 3025-3095 ft;. 
3100-3264 ft.; 3405-3680 ft.; and 3715-4055 ft. 

36 Wells flow for a few days after acid treatment. 


37 Presgures and saturation in Blanchard area. 
38 Pressure on Augurs sand. Pressure on Nacatoch 70 Ib.; 2300 ft. sand, 230 Ib.; 2600 ft. and 330 Ib. 


ae 
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Oil Production Character of Oil Approx. Average 
Average Depth, Ft. Mako vee of Pressure, Lb. per Sq. In. during 1934 


; Gravity A. P. L. at 
ee of Average at End of¢ 60° F. : 
[>] 
8 an & £ ay 5 
g| 38 shi ale, aes g |g Ee 
Q A a's =] a=} - 
‘a EEE ese A a 4le\s 8 4 far) > 4 5 = ZB Ee 3 ' 
g + pS one ° 5 B | See oe 3 2 3 S — 338 j 
ai ae ees je] & islzis A = = = | 4 | ES lan] a | 
2) 1,269 1,200 0 0} 0] 0 z 0 0 : 
33 2,469 2 . : : : ee : 0 
2,83817 4 
a He 2,39838 1 0} 0} 0 00 400 24.9 | 24.9 (24.9 |0.26/A 
36 4,558 4,53319 12 14| 0} 3 2,200 1,800 775 41 33 {0.12 | A | 
2,272 222420 2 16) 0) 0 700 430 197 32 18 25 |0.30)A 
es 4,160 4,13621 14 21| 0/10 850 790 150 36 19 26 |0.31)A 
39 6,284 6,26222 4 1 ; 0 1,050 2 =. 32 29 |28.5 |0.12)}A 
40 1,170 1,137 0 0 0 £ 
41] 3,331 3,29623 2) 19} 0} 0 500 0 92 32 19} 20 |0.37|)A 
42 3,700 3,66874 14} 35] 0} 0} G 2,400 2,325 1,625 32 20] 28 (0.44 /A 
43 | 1,639-4,351| 1,624-4,345) 1 2) 01 0 625-1,600) 325-1,600| 325-1,600} 31 26} 28 |0.388 | A 
44 | 5,188-5,836) 5,170-5,700) 1 0} 2) 0 875 270 250 25 23 24 10.36 /A 
45 8,407 3,36825 5 19} 0} 0 640 350 350 27 20 125.5 (0.33 | A 
46 1,068 1,056 0 0} 0} 0 0 0 0 
47 2,319 226226 0 0} 0} 0 300 0 0 
48 4,535 4,44627 6 1| 0} 0 600 350 205 23.8 18 21 |0.11/A 
49 1,373 1,274 0 0} 0} 0 200 0 0 16.8 | 16.8 |16.8 |0.55 |A 
50 3,836 38,7778 16 0} 0} 0 600 600 193 35.5 33 34 10.382 )}A 
51 4,555 4,51029 7 0} 0} 0 600-980 | 600-1,000) 616-1,032} 34 32 33 10.26 | A 
52| 4,113 4,08030 5 1| 0) 0 1,500 0 791 41 27 |. 8% [LON rl: 
53 3,107 3,05231 1 2} 0) 0 600 600 400 29.5 | 25.5 [28.7 |0.15/A 
54| 1,154 1,135 12 0| 0) 0 450 147 160 19 18 18.5 |0.73 | A 
55 3,729 3,66082 35 14| 3} 0 1,300 315 175 30 23 26 (0.40 |A 
56 6,941 6,92033 | 47 0} 1) 0 2,510 2,500 1,400 49.7 | 25.4] 41 |0.37|M 
57 | 4,035-4,827| 4,008-4,820) 0 2} 0] 0 240 0 0 
58| 3,972 3,92434 2 2} 0) 0 1,150 120 50° | 27.5 | 2751 127.3 10L12 1A 
59 7,918- 7,901- 21 0} 0} 0 900-3,100 2,150 45.6 36 |38.5 |0.17|M 
8,085-8,684| 8,060-8,662 
60 4,269 4,25 0 0} 0) 0 590 0 24 24 24 10.06 |A 
61 8,477 845435 3 0} 0} 0 2,025 2,025 38.4 37 38 {0.10 |M 
62 5,639 5,611 1 0} 0) 0 980 980 44.2 | 44.2 |44.2 |0.18 |M 
63 6,765 6,754 2 0| 0 a) 1,500 1,100 34.1 | 34.1 |84.1 |0.68 | A 
64 218} 291) 6113 wee 
65 220] 2,912| 6/31 


17 Production obtained from following horizons: 410-450 ft.; 3025-3210 ft.; 3235-3360 ft.; and 4284-4341 ft. 

18 Producing zones: 1008-1070 ft., 1665-1710 ft., 2690-2855 ft., and 3805-3828 ft. 

19 Producing zones: 1000-1095 ft., 2960-3237 ft., 3385-3400 ft., 3620-3875 ft., 4315-4435 ft., 4705-4924 ft., 5100-5665 ft., 
5970-5985 ft., and 6445-6623 ft. 

20 Producing zones: 860-1178 ft., 1205-1240 ft., 3411-3422 ft., and 3692-3721 ft. 

21 Prcdumag zones: 2760-2950 ft., 3150-3575 ft., 3650-3835 ft., 3985-4200 ft., 4300-4525 ft., 4775-5175 ft., and 5325- 
5700 ft. 

22 Producing zones: 5170-5195 ft., 5632-5718 ft., 5900-5925 ft., 6795-6815 ft., and 7335-7387 ft. 

28 Producing zones: 3010-3400 ft., 8810-3975 ft., and 4275-4350 ft. 

4 Peodiaae zones: 2610-3100 ft., 3900-4015 ft., 5990-6140 ft., and 7232-7242 ft. Nine producing sands have been 
reported. 

25 Producing zones: 3150-3200 ft., 3320-3420 ft.and 3710-3717 

26 Production from sands between 3650-4080 ft. 

27 Producing zones: 965-980 ft., 4380-4520 ft., 5080-5220 ft., and 6615 

% Producing zones: 1710-1735 ft., 1900-2300 ft., and 3575-3590 ft. 

29 Producing zones: 3206-3248 ft., 3965-4006 ft., and 5980-6030 ft. 

30 Producing zones: 3500-3580 ft., 3800-3960 ft., 4700-4750 ft., and 5260-5275 ft. 

31 Producing zones: 2030-2050 ft., 2410-2560 ft., 2880-2900 ft., and 4100-4400 ft. 


32 Oil and/or gas produced from sands found at the following average depths: 2800-3000 ft., 3300, 3560, 3670, 3760, 3837 
4200 and 4400 ft. 


38 Production obtained from sands found at the following average depths: 4515, 5135, 5585, 6525, and 6935 ft. Most wells 
have been deepened to or completed in the zone of 6935 ft. 


34 Producing zones: 3450-3555 ft., 3980-4300 ft., and 4820-4850 ft. 
35 Producing zones: 7800-7918 ft., 8660-8682 ft., and 8814-8830 ft. 
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39 Gasoline content of gas from deep horizon; gas from other sands is dry. 
40 Produce casinghead gas. . 

41 Goes also under name of Oakes sand or Haynesvillesand. = 

42 Dry holes drilled in fields and those drilled in defining producing limits. 
45 Abandoned in igneous rock. aed 

46 Deepest well abandoned at 6204 ft. in Miocene. 


Character of Gas 
. Deepest Zone Tested 
ADRFOE: ures Producing Rock Se ee iuea 
32 
a e 
278 ee ee 
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i + Be! . beds a 
=) 23 2 |B le8| Slsgs 6S 
te Werte | A 2 |2 ee 2 & a 
= | ge : 2 | 2 [Bisel eles & 4 
Pa & a 8 |Alas| ala” zi a 
926 0.2287 CreU,CreL | ©,S |Por| 16) A 876 | L Trinity 6,351 
y 0 Nacatoch”, ‘‘Chalk] CreU, CreL 5 Por| 19} AF | 304 | Glen Rose 6,149 
Rock,’’ Basal CretU, 
Glen Rose i 
Ozan, Tokio CreU s Por} 35) D 11 | Cret L 3,002 
1,025 0.1539 | Nacatoch, Ozan, Tokio) CreU S |Por} 8 A 42 | Cret L 5,382 
1,017 0.13 “Monroe Gas Rock” | CreU LS | 23) 50) A 93 | Glen Rose 4,155 
0-0 .24 Nacatoch!!, Buck-| CreU, CreL §,L | Por] 120) A 50 | Glen Rose 3,575 
range 
3,300 15.040 Nacatoch, Buck- | CreU S Por| 63} DF| 194 | Glen Rose 4,504 
z range 
1,100 1.5040 | Buckrange, Glen Rose | CreU, CreL § |Por} 25) A 61 | Glen Rose 5,092 
971 0 Buckrange CreU S |Por} 12] A 26 | Glen Rose 4,750 
970 0.34 |Nacatoch, Buck-| CreU, Cre S |Por}| 8|DF| 107 |L Trinity 6,137 
range, Trinity 
972-1,057 |0-0.24 Nacatoch, Buck-|CreU,CreL | 8,L | Por| 100) D 5 | Glen Rose 4,276 
range, Tokio, Fred- 
ericksburg, Glen 
i Rose 4 
994-1,046 |0.07-0.33| Buckrange, Tokio CreU s Por} 11) A 19 | Glen Rose 5,120 
866-1,004| 1.5 Buckrange, Glen Rose | CreU, CreL §, A, 8 at 11| A 26 | L Trinity 7,006 
994-1,046 |0.07-0.33| Buckrange, Tokio CreU S |Por} 16) A 49 | Trinity ? 3,476 
Cane River-Wilcox | Hoc § |Por| 9| T | 143 | Tckio 6,463 
contact 
1,060 0.34 | Tokio, “Monroe Gas | CreU,CreL | 8, LS Por| 76) A 39 | L Trinity 2,836 
Rock,”’ Glen Rose 
Washita CreL 8 Por} 16) A 23 | Glen Rose 5,063 
Saratoga, Marlbrook, | CreU C,S |Crev} 8] AF] 395 | Glen Rose 7,155 
Anona, Ozan 
998 0 “Monroe Gas Rock” | CreU LS |Por| 8] D| 10 | Glen Rose’ | 3,142 
Jackson Eoc 8 Por 9) N 8 | Wilcox 2,435 
Eagle Ford CreU 5 Por| 11) N 27 | Fredericksburg | 3,373 
1,060 |0.50-0.40 Glen Rose CreL LS |Por| 25| NF 18 | L Trinity 6,658 
1,125 0.56 | Glen Rose CreL L |Por| 20) A 13 | L Trinity 4,722 
984 0 Basal Jackson Koc 5 Por| 25| N 6 | Wilcox 3,705 
Nacatoch ?, Saratoga, | CreU, Crel. | M,C, §] Por} 10) D 52 | Glen Rose 4,433 
Anona, Ozan, Wash- A 
ita ° 
2,597 
“Fleming,” Marginu- | Mio § |Por] 55| Ds| 111 | Vicksburg 8,903 
lina ? 
“Gitronelle,”” ‘‘Flem- | Plic, Mio, 8 Por} 35} Ds 79 | Jackson 1,50046 
ing,” Jackson Eoc ‘ 
Plio-Mio contact Plio, Mio § | Por 8) D 43 | Vicksburg 6,017 
PlioL, “Fleming,” | Plio, Mio 8 Por| 90) Ds| 196 | Jackson 6,553 
Marginulina 
PlioL Plio 5 Por | 130} Ds 86 | Jackson ? 8,414 
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Character of Gas . ; Deepest Zone Tested 
Approx. Average Producing Rock to End of 1934 
during 1934 
- = g 
5 af A 
Be z Z Bee r 
he 3 ~~ o 
Si 0bor We 4 G5] joes sa 
Bye ool ea & 13/88 Blegs ‘s 
&8 # leg 2 |ass 4 
a : () 2 = é Z S lazau r= oe 
9 ies isi g a 5 lea z g 5g q s 
a|_a [8 z 2 |S je&e|aa) 2 | A 
2 “Fleming” Mio S |Por} 30) Ds} 31 | “Fleming” 5,112 
o Uppermarine Mio Mio S |Por| 10) D 13 | Miocene 645 
34 “Fleming’’ Mio S |Por} 28) Ds| 43 | Vicksburg ; 3,91047 
35 PlioL, “Fleming”’ Pho, Mio 8 Por| 46) Ds 32 | ‘Fleming’ 4,300 
36 “Fleming,” Hetero- | Mio 8 Por} 100} D 17 | Margin ? | 7,902 
‘ stegina zone 
37 PlioL, Cap _ rock, | Plio, X, Mio S |Por| 40} Ds| 55 | Jackson 28 7,207 
“Fleming” 
38 “Fleming,” Hetero- | Mio $8 |Por| 120} Ds| 33 | Heterostegina | 9,25049 
stegina 
39 “Plening” Mio 8 Por| 40} Ds 6 | Mio ?_ 8,070 
40 “Fleming” Mio 8 |Por| 7 Ds 17 | “Fleming” 5,119 
41 “Fleming” Mio S |Por| 35] Ds| 102 | Jackson 748 342450 
42 Cap rock, ‘“‘Fleming” | X, Mio s Por| 65) Ds 63 | Jackson ?48 3,03552 
43 Cap rock, Vicksburg | X, Olig A,S |Por| 15) Ds 24 | Vicksburg 5,72552 
44 “Fleming” Mio S |Por| 30] Ds 5 | “Fleming 6,170 
45 Marginulina? Mio S Por| 35) Ds 17 | Heterostegina | 4,610*9 
46 PlioL Plio s Por| 12] Ds 13 | MioU 6,347 
47 “Fleming” Mio SN} Por| 20) Ds 10 | “Fleming” 6,103 
48 Cap rock, MioU, |X, Mio L,S | Por| 120) Ds} 184) Heterostegina | 6,20053 
Heterostegina 
49 Upper Marine Mio Mio s Por} 55) Ds 8 | MioU 5,659 
50 Upper Marine Mio Mio $ Por} 75) Ds 11 | MioU 7,162 
51 Upper Marine Mio Mio S) Por| 90) Ds 6 | MioU 5,981 
52 “Fleming” Mio S |Por| 40) Ds 5 | MioU 7,100 
53 “Fleming”’ Mio s Por} 40) Ds 1344) “Fleming” 6,290 
54 Car rock, Super Cap | X, Plio L,S | Por} 26) Ds 29 | Mio 5,86054 
san 
55 Upper Marine Mio Mio- $ Por| 120) D 13 | MioU 7,300%9 
56 1,102 050 | “Fleming,” Hetero- | Mio S |Por| 53] D 8 | Marginulina | 7,590 
stegina, Marginulina 
57 Upper Marine Mio Mio s Por} 34] Ds 7 | MioU 6,052 
58 “Fleming” Mio SS) Por} 31] Ds 9 | Discorbis 9,37955 
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gina, Marginulina 
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ginulina 
62 Upper Marine Mio Mio 5 Por} 28] Ds 8 | MioU 6,923 
63 Marginulina Mio 5 Por} 15) D 2 | Marginulina 7,916 
64 1,157 
65 3,759 


43 Includes 7 sulfur tests. 
44 Includes 8 sulfur tests. 
47 Deepest well abandoned at 6471 ft. in Lower Miocene’ 
48 Abandoned in heaving shale. 
49 Abandoned in salt. 


50 Deepest well abandoned at 7834 ft. 


51 Deepest: well abandoned 8334 ft. 


52 Deepest well abandoned at 6565ft. 


58 Deepest test abandoned at 6631 ft 
54 Abandoned in salt at 6179 ft. 


55 Drilling 
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(Figures in body of tabulation represent number of holes.) 
Completed Prior to January 1, 1935 


TaBLe 2.—Summary of Drilling Operations in Louisiana 
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1 Seventy-two wells abandoned between 100-500 ft. 


4 Includes 180 sulfur wells. 
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No. 1-B, sec. 11, 9 8. 4 W., from 7888 to 7918 ft. in the Heterostegina 
zone. This well was completed flowing 29 bbl. per hour of 38.4° A.P.I. 
oil on a 3¢-in. choke. 

The structure is apparently a broad dome with numerous small faults. 
Early development indicates that the sands are very lenticular. 

Gillis—Another important discovery was opened in the Gillis or 
Castle Mills area in Calcasieu Parish, about six miles northeast of Lake 
Charles. Union Sulphur Company’s Barbe Estate No. 2, sec. 11, 
9 S. 8 W., found production from 12 ft. of Marginulina sand at 
6760 to 6772 ft., and was completed flowing 180 bbl. of 31.4° A.P.I. oil 
per day on a 14-in. choke. The area was recently extended 14 mile 
northeast by the completion of the same company’s No. 1 State, which 
was completed for an initial production of 1500 bbl. per day, from 6759 ft. 
While the field has not been defined, it is considered that the area is 
an important reserve. 

Four Isle—The Four Isle dome in Terrebonne Parish was proven 
productive when the Texas Company’s State No. 4, sec. 24, 21S. 16 E. 
was completed, flowing 2230 bbl. of 44.5° A.P.I. oil per day on a 4-in. 
choke from sand found at 5611 to 5639 ft. It is expected that this 
horizon will result in sustained production. 

Lake Hermitage—The first commercial production for the Lake 
Hermitage dome, Plaquemines Parish, was developed by Gulf Refining 
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Company’s LaFourche Basin Levee District No. 1, sec. 11, 18 8. 25 E., 
which was completed for 30 bbl. or 24° A.P.I. oil from sand at 4257 to 
4269 ft. Production on the prospect has been rather disappointing, as the 
discovery well stopped flowing shortly after being completed. 


OTHER DEVELOPMENTS 


Two new sands were added to the producing list during 1934. At New 
Iberia, Iberia Parish, Y. D. Spell et al., Bernard No. 1, sec. 54,128. 7 E., 
opened the first important oil production for the field when it made 
720 bbl. of 29.5° A.P.I. oil per day from sand at 3805 to 3828 ft. On the 
flank of the Lake Washington dome, Plaquemines Parish, Humble Oil and 
Refining Co. opened a new productive sand by the completion of its 
Cockrell Moran No. 23, sec. 14, 20S. 26 E., when it came in for 384 bbl. of 
93.7° A.P.I. oil ona 14-in. choke from sand at 4324 to 4337 ft. 

The total oil production for South Louisiana during 1934 was 23,255,- 
032 bbl. as compared with 15,576,222 bbl. during 1933. Development in 
new fields should result in a further increase during 1935. 
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Oil and Gas in Michigan during 1934 


By Turron Wasson,* Memper A.I.M.E. 


(New York Meeting, February, 1935) 


Discovertss in Michigan, which at the beginning of the year 1934 
indicated possible new areas, did not develop into fields of market- 
breaking proportions. Hart, Oceana County, developed small produc- 
tion from the Traverse lime. Edmore, Montcalm County, proved a 
small area for oil from the Traverse. West Branch, Ogemaw County, 
previously reported as Ogemaw, had quite a drilling campaign but was 
somewhat disappointing because wells were small and erratic. During 
the year, 30 wells were completed at West Branch, and at the end of the 
year 15 others in and around this field were under way. At West 
Branch the Traverse lime, found at 1800 ft., has thin porous streaks near 
the top, which make small wells; the Dundee lime at 2800 ft. produces 
from a porous zone of varying thickness. Over the entire field the 
Dundee wells average 10 to 20 bbl. per day. Acid treatment has mate- 
rially increased production from some Dundee wells in this field. About 
3000 acres have been proved productive from the Traverse and Dundee. 

At the close of the year the well in Beaverton township, Gladwin 
County, is probably the most discussed of any in Michigan and may be 
opening a new field of some proportions. It had an initial production of 
70 bbl. daily from the Dundee lime at 3830, which has decreased to 
25 bbl. per day. Deeper drilling into the lime may increase production. 
During 1935 the area around this test will probably be the most active 
in the state. Structural conditions in Gladwin County, as in other parts 
of Central Michigan, are obscured by a thick mantle of glacial drift and it 
will take considerable drilling to outline subsurface conditions accurately. 

The most important new shallow gas area of the year is around 
Edmore in Mecosta and Montcalm counties. Eight wells have been 
drilled to the Michigan stray and the upper Marshall sand, having a 
combined initial production of 30 million cubic feet. These gas wells 
are scattered over so wide an area that an estimate of proven territory 
cannot be made until more drilling is done. At the present time no gas 
is being sold from Edmore. 


Manuscript received at the office of the Institute Feb. 1, 1935. 
* Chief Geologist, The Pure Oil Company, Chicago, IIl. 
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The Big Rapids gas field in Austin township, Mecosta County, had 
eight producing wells at the end of the year, with total combined open- 
flow volume of 121 million cubic feet. An 8-in. line was recently com- 
pleted from this field to Muskegon. 

Six new gas wells were completed in the Vernon field of Isabella 
County. Gas from this field is sold for domestic use in Mt. Pleasant, 
Clare and Rosebush. 

The Broomfield gas field had considerable development during the 
year; 24 new wells, with a total combined open flow of 33 million cubic 
feet, were added to the field. The gas is sold for domestic use in Midland, 
Saginaw, Bay City and surrounding towns. Broomfield marketed more 
gas than any other field this year. 

The total oil production for 1934 from all fields was 10,616,766 bbl. 
This was from 979 wells. The Porter area, including Yost, produced 
7,458,330 bbl., or nearly three-quarters of the yearly total. The old 
fields of Midland and Isabella‘ counties of the Central Michigan area held 
the lead in oil production established in previous years. The Porter- 
Yost field, which is an extension southeastward from Mt. Pleasant, had 
the greatest amount of new drilling. One hundred and eighty-six wells 
were drilled in the Porter-Yost field during 1934, bringing the total for 
that area to 294 producing wells. 


Taste 1.—Oil and Gas Production in Michigan during 1934 


oe 4 Oe ee a 
Average Oil 
Area Proved, Acres Total Oil Production, Bbl. Eapduction. 
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-g a e 
g 25 = 1934 ]1934>) 1934 
4 <q e) 
1|| Saginaw, Saginaw........-- 10 1,660} 0 0| 1,660)) 1,194,185 53,924 47,681| 130] 719) 1.3 
2 Maskoson, Waekeren. naiemellt a 4,200)200 0] 4,400] 6,235,099) 274,445 156,891 429] 1,484) 2.4 
d, Isa- 
4 7 9,120} 0 0| 9,120) 16,858,787 3,126,323) 1,512,614] 3,520} 1,849) 11.3 
4 5 940; 0 0 940|| 1,225,568] 306,618 244,636 718} 1,304] 27.5 
5 5 1,320] 0] 880} 2,200) 2,032,716 535,722 904,872] 2,229] 1,540} 40.5 
6 3 8,480) 0 0| 8,480| 11,059,677] 3,583,617 7,458,330) 18,449 1,304] 63.6 
7 || Hart, Oceana......--.+-++ 2 500} 0 0 500) 109,636 46,404 63,454 330|) 219) 13.7 
8 || West Branch, Ogemaw...... 144] 3,000) 0 0} 3,000 143,284 18,982 124,310 333 48) 18.5 
9|| Edmore, Mecosta, Montcalm.) 1 160} 0 0 160 104,169 1,660 102,508} 285] 614} 95.0 
10 || Gratiot, Gratiot............- 8 0; o| 400) 400) 0 0 0 0 0| 0 
11 || Clare, Clare..........+25--+ 5 0} 0| 300] 300 0 0 0 0 0| O 
12|| Broomfield, Isabella......... 5 0} 0} 6,820} 6,320 x x x 8 x| x 
13 || Big Rapids, Mecosta......-. 1% 0} 0} 3,500) 3,500) 0 0 0 , 0 0} 0 
14 || Beaverton, Gladwin......... 0 xX x x 1,470 0 1,470 30 x| 30 
15 Casave east. 0 x) x x x 0 0 0 0 0; 0 
16 Lapeer..... 0 x| x x x 0 0 0 0 0} 0 
17 || Isolated Wells, < Mason..... 0 xi x x x 0 0 0 0 0} 0 
18 Mecosta....|| 0 x x x x 0 0 0 0 0| 0 
19 Montcalm. .|| 0 x x x x 0 0 0 0 0| 0 
OTN attNnil, Son Gace soopaccens 29,380) 200] 11,400} 40,980) 38,964,591] 7,947,695) 10,616,766 


« Footnotes to column headings and explanation of symbols are on page 249. 


1 Map of Michigan fields. Trans. A.I.M.E. (1934) 107, 257. 
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The Federal allowable for the state averaged 30,400 bbl. per day 
for the year 1934. The Porter field was kept under proration during 
the entire year. At first it was given a flat allowable of 100 bbl. per well 
plus a small percentage. Later it was cut to 75 bbl. per well, and finally 
the flat allowable was reduced to 50 bbl. The other fields were not 
prorated. 

Operators have been forced to build earthen pits to dispose of con- 
siderable salt water. So far these have proved satisfactory, although 
many are of a temporary nature. Wells in the Porter-Yost area pro- 
duced more salt water than those in Mt. Pleasant. 

The old Mt. Pleasant field and East Greendale extension had 310 wells 
producing at the end of the year. During 1934 there was little new 
drilling. Some repressuring work in the East Greendale extension 
helped to boost the production in this field for the year. Most wells in 
this old field show little salt water, and therefore are easy to operate. 

In the Leaton field of Isabella County, now five years old, nine new 
producing oil wells were completed during the year. Early in 1934 an 
extension to the northwest was made, and to date four new wells have 
been completed in that direction. As a result of these new discoveries 
production for 1934 from this field did not decline as rapidly as in other 
old fields. Wells of the Leaton field are among the best in Michigan in 
their response to acid treatment. 
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The Vernon field continued to make a great deal of salt water, some 
wells producing as much as 2000 bbl. per day. 

Several kinds of pumping equipment designed to handle large amounts 
of salt water and oil have been installed this year in the Porter field. 
The Carr pneumatic pumping head is one of the most successful and 
economical. So far no central powers have been installed at Porter. 

In November, 1934, The Michigan Public Utilities Commission of 
Lansing published ‘‘Rules and Regulations Governing the Production, 
Transmission and Distribution of Natural Gas,” under its order number 
2883. Mr. E. L. Rawlins, of the U.S. Bureau of Mines, working in 
cooperation with the Public Utilities Commission and the Department 
of Conservation, has prepared a study of the gas reserves in the stray 
sand of Michigan, which should soon be published. 
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1 One old w ell being drilled deeper. 


Oil and Gas Development in Mississippi 


By B. C. Crart*, Memper A.I.M.E. 
(New York Meeting, February, 1935) 


DEVELOPMENT and exploratory work in Mississippi during 1934 was 
rather active, resulting in the expansion of the proven area and the 
drilling of a number of important wildcat wells. 

Mississippi showed a decrease in drilling operations during 1934. 
There were 36 completions from 18 counties during this period compared 
with 58 completions from 22 counties during 1933. There was a con- 
siderable decrease in activity in the Jackson gas field in Hinds and Rankin 
counties with only 9 completions, resulting in 8 gas wells and 1 dry hole 
compared with 17 gas wells, 2 oil wells and 7 dry holes during 1933. 

Leasing and geophysical work was reported from several sections of 
Mississippi last year. Extensive exploration and drilling were carried 
on in Lamar, Hancock, Pearl River, Greene and Stone counties and on 
the flanks of the Jackson anticline. Exploration will be continued in 
these areas during 1935. 

Four important wildcats were completed during 1934, all of which 
were reported as being structurally high, but without having important 
shows of oil or gas. These tests were: Hix and Germany’s, J. J. Newman 
Lumber Co. No. 1, sec. 21-4N.-15W., Lamar County, abandoned at 
3520 ft. in the Wilcox; United Gas Public Service Company’s Davis 
No. 1, sec. 30-1N.-5W., Greene County, abandoned at 7439 ft.; Gulf 
Refining Company’s May L. Williams No. 1, sec. 33-58.-17W., Pearl 
River County, abandoned at 4800 ft.; and Clarke County Oil Company’s 
S B. Kirkland No. 1, sec. 10-2 N.-16E., abandoned at 4002 ft. in the 
Eutaw. Another interesting wildcat was Gulf Refining Company’s 
Dantzler Lumber Co. No. 6, sec. 22-48.-11W., Stone County, abandoned 
at 7700 ft. (according to reports below the Selma chalk). 

A total of 114 of the 132 gas wells completed in the J ackson gas field 
are still producing and have a combined open-flow capacity of 4,145,- 
696,000 cu. ft. Four of the abandoned gas producers were never con- 
nected to the lines. 

The open-flow capacity of three wells in the Amory field is approxi- 
mately 1,000,000 cu. ft. Producing against a line pressure of 50 Ib., 
the demand during December greatly exceeded the capacity. 


Manuscript received at the office of the Institute Jan. 26, 1935. 
* Assistant Professor of Petroleum Engineering, Louisiana State University, 


Baton Rouge, La. 
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TaBLE 1.—Oil and Gas Production in M 1ssissippt 
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> Footnotes to column headings and explanation of symbols are on rage 249. 
1 Wells are shut in the greater part of the time. 

2 Probably produce 50 bbl. of oil and 1000 bbl. of salt water. 

$ Abandoned in igneous rock. 
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TaBLE 2.—Summary of Drilling Operat 


(Figures in body of tabulation represent number of holes.) 
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Oil and Gas in Missouri* 


By Frank C. GrEeENEy 
(New York Meeting, February, 1935) 


Tus oil and gas industry in Missouri in 1934 continued along the 
same lines that have marked the previous years. One new gas pool 
has been opened, others have been extended and in one oil pool a 25-bbl. 
well was completed. . 

Missouri has no laws or regulations relating to drilling or the filing of 
well logs and the Geological Survey depends on its own scouting activities 
to obtain information. The data herein have been taken largely from a 
paper by the author recently published in the 58th Biennial Report of 
the State Geologist of Missouri. That report is available on application 
to H. A. Buehler, State Geologist, Rolla, Missouri, accompanied by ten 
cents in stamps, the amount of the postage. 

The preliminary figures, subject to revision, indicate that before the 
end of December, 1932, there were 2495 completions, of which 320 were 
oil wells, 1139 were gas wells and 1036 were dry. Over half of the oil 
wells were drilled in the Richards-Stotesbury area of Vernon County and 
were pumped for only a short period of time. During the period 1933-34 
there were 201 completions, of which 10 were oil wells with an initial daily 
capacity of 100 bbl., 90 were gas wells, with an open flow of 26,578,256 
cu. ft., and 101 were dry. 

The most active areas in drilling for gas in 1934 were the Marota area, 
sec. 17, T.49N., R.32W., Jackson County, the Grandview area in T.AIN., 
R.33W., Jackson County, and the Plattsburg area in Clinton County. 
The Knoche oil pool in sec. 16, T.46N., R.33W., Cass County, was the 
scene of the only important oil development. 

In the Marota pool nine wells were completed to the Squirrel sand, 
with a combined open flow of about 5,000,000 cu. ft. The pool is on a 
small symmetrical dome with a closure of at least’ 30 ft. The average 
depth of the wells is 450 ft. The Squirrel sand (Upper Cherokee, 
Pennsylvanian) had a thickness of 94 ft. in a near-by dry hole, but only 
the upper 30 or 40 ft. is drilled in the producing wells. The largest well 


* Published with the permission of H. A. Buehler, Director, Missouri Geological 
Survey and Water Resources. Manuscript received at the office of the Institute 
Feb. 18, 1935. 

+ Geologist, Missouri Geological Survey and Water Resources, Rolla, Mo. 
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was Woodson No. 1, with 1,100,000 cu. ft. The Missouri Valley Gas and 
Oil Co. and D. S. Hulse are the operators. 

The West Grandview pool, opened in 1933 by Bartle and Marshall, 
in sections 3, 4, 9 and 10, T.47N., R.33W., Jackson County, was extended 
south by the Ruf Drilling Co. into sections 10 and 15. There are now 
12 producing wells, mostly in the Peru sand (Henrietta) though a small 
amount of gas has been obtained in the Wayside (Pleasanton) and 
Squirrel sands. The combined initial output was nearly 6,000,000 cu. ft., 
but owing to the thinness of the Peru sand, averaging less than 10 ft., 
the decline has been rapid. The average depth of the wells is around 
400 ft. The pool is on a small elongate structure trending north 
and south. 

The Hammond pool, in sections 18, T.55N., R.31W., and 13, T.55N., 
R.32W., near Plattsburg, Clinton County, was developed further and 
14 producers have been completed. The combined initial capacity was 
6,200,000 cu. ft. in the Peru sand and Lexington coal horizon. Porter 
No. 2 came in for 2,332,000 cu. ft. in the Peru sand. The average depth 
is 500 ft. The pool is on a well defined dome with at least 40 ft. of east 
dip. R.M. Hammond discovered the pool and has drilled all the wells. 


TasBLE 1.—Location and Area of Some Missouri Gas Pools 


Elevation Acres Ma; 
Number of 4 rei ans, 
Name of Pool Location County Feet of; — within | Published 
Taine osing Closing | in Biennial 
Contour | Contour | Report? 
Marotaigas' pool ’S'F. sas oan erle sates ig Ab T. 49N., | Jackson 20 590 355 58th 
Hammond gas pool. $5,500.45 tes secs. 18 and 13, | Clinton 25 515 480 58th 
T. 68N., Rs. 
31, 32W. 
Plattsburg, Mo. 
Knorp.gas pool.s...acseens ete os Oe .|T. 46 ~~ and | Cass and 
47N., R. 30W. Jackson 15 760 404 57th 
Gas pools near Freeman, Mo............ = Le 44N., | Cass 22 630 15744 57th 
. 33W. 
secs. 12 and 13, | Cass 30 640 21314 
Th) 44aNe aR: cv - 
Gas pools between F d Peeul Se aa ¥ 
tas pools between Freeman and Peculiar | secs. 5 and 6, T. | Cass 10 680 i 
“aN, i sal, ; 109 57th 
sec. 31 T. 45N., | Cass 19 ‘720 \4 
i | : aw. : 3644 57th 
vondale gas pool.....................| sees. 6 and 7, T. | Clay 8 510 
ot i say 87 57th 
sec. 7, T. 50N.;} Clay 24 510 
3 | i aa 177 57th 
ong gas pool..... ep hte Rate -4, sec. 27,| Bates 23 720 25 7! 
SE.%4, sec. 28, am 
NE.1}4, sec. 33, 
NW.14, sec. 34, 
T. M41N.,.008 
33W. 
Liberty gas pool...... wdeveeeeeeedee| 8608 85 and 36, |'Clay 32 500 680 57th 
Tps. 51 and 
Lath | . oN ae 
PthOpi PAs Pool, .2ccc.ulai ieee eI LOD . 30W. | Clinton 24 770 9 
Shawhan gas pool sea aye eee ios din 47N.. Re. 29 | Jackson 16 720 if 2 eth 
and 30 ) 
Independence gas pool......... ....| Secs. 26 and 35, | Jackson 48 810 
TRONS ERE ate 
32W. 
Paradise gas: pool,,..a5 fleece oe T. 538N., R.32W. | Clay 24 490 1,728 57th 


1 References are to Biennial Reports of the State Geologist of Missouri. 
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Several other new gas areas have been found in Jackson and Clinton 
counties, but have not been fully developed. 

The most important oil development in Missouri was an extension of 
the Knoche pool in sec. 16, T.46N., R.33W., Cass County. Seven wells 
have been drilled by Louis Knoche on the Clark lease. The wells are 
about 600 ft. deep and the production is from the Squirrel sand of the 
Cherokee formation. The sand is about 100 ft. thick, but the upper 
half or more is broken and shaly, and most of the oil is obtained in the 
lower 30 ft. The largest well made 8 bbl. before the shot and 25 bbl. 
per day on the pump after being shot. This pool is on an anticline with 
a sharp east dip and is elongated north and south. 

The production in the pools mentioned is obtained from rocks of 
Pennsylvanian age. 


TABLE 2.—Oil and Gas Wells and Dry Holes of Record Drilled in Missouri 
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TaBLe 2.—(Continued) 


Drilled to End of 1932 Drilled in 1933-34 Initial 
Open Flow 
—— of Gas vel 
Oil | Gas | Dry | Oil | Gas | Dry BBI. Cones 
0 0 1 
0 9 37 
0 0 1 
0 0 4 
0 0 3 
0 0 2 
0 2 16 
0 0 1 
0 0 7 
0 0 3 
1 3 15 
0 0 1 
0 0 2 
0 0 1 
0 0 1 
0 0 10 
0 0 1 
0 0 1 
180¢ 31 Li 
0 0 4 
320 1,139 | 1,036 10 90 101 100 26,578,256 


Oil wells listed under Vernon county are those on Pond’s map—shows no dry holes; all are abandoned at present. 


Oil and Gas Development in New Mexico in 1934 


By C. E. SHoENFELT,* Memper A.I.M.E. 


Tur deepening of the General Crude Oil Company’s No. 1 Meyers, 
NE. NE. SE. of sec. 22, 248., 36E., in the Cooper area of Lea County, in 
April, 1934, resulted in the discovery of an oil field of major importance. 
The discovery well is an old well drilled by Cranfill & Reynolds and 
completed in July, 1929, in limestone at 3438 ft. for an initial production 
of 90,000,000 cu. ft. (estimated) of gas. Deepening operations were 
started early in April, 1934, and cores were taken from the old total 
depth of 3438 to 3508 ft. A Haliburton test taken through the drill 
stem at 3439 to 3460 ft. showed 50,000,000 cu. ft. of gas with an increase 
of 5,000,000 cu. ft. between 3461 and 3474 ft. When completed the well 
tested 12,000,000 cu. ft. of gas and 5000 bbl. of oil at 3474-3508 feet. 

The new oil field—the result of this discovery—is between the Eunice 
and the Jal fields, closer to the productive area of Jal than to that of 
Eunice but far enough away from both to be considered a separate area. 
Eventually, all of these pools may be joined together by productive oil 
wells to form a single unit of large size. They lie in a general northwest- 
southeast alignment and the intervening areas have not been condemned 
by dry holes. 

In the drilling campaign that followed this discovery, 24 wells were 
drilled, of which 23 were oil wells with combined initial productions of 


TABLE 1.—Oil and Gas Production in New Mexico 


ene Total Oil Production, Bbl. 
Li pees Breve 
ane ar cres ; 
Num- Field, County i Find s 2 : Daily 
ber of 1933 To End of | During During | Average 
1934 1933 1934 during 
Oil Noy., 1934 
1 | Artesia, Hddy.........00-+ +++ sewers 10 3,000 4,107,373 200,552 217,852 612 
2 Caprock, Eddy. 20.0.2... 0+sseresnereees 8 1,500 1,861,007 399,318 679,951 1,948 
3 Cooper; Led... .ar0 reece essen teen e cee 4 3,600 328,429! 29,434 261,560 2,212 
4 Bunice, Lea......2..200 sees ner eer eeess 6 1,000 2,138,167 289,489 949,736 3,825 
5 Gettylied.. pene cig +e tem rurine e sninie: 6 320 148,182 0 0 
6 Hobbs, Led.....- 0000s ecee esc ce ret ceees 6 | 6,280 53,516,705 | 11,413,218 12,423,024) 31,680 
7 | Hogback, San Juan.....--.++-++22+005> 11 700 1,526,830 77,017 74,483 197, 
8 | Hospah, McKinley.........+-++2+02++5- 7 160 5,980 0 0 0 
Ge WnValbloea ete e ce -)-\-rtietesteience mein otis 6 1,000 2,870,910 547,930} 1,049,204 3,405 
10 IEW OTZ,. 5.50np hoe Opoprs cote SOD 4 640 4,914,806 801,288 636,862 1,440 
A Rattlesnake, San Juan.......+++++++00+- 1 600 3,000,367 262,026 266,115 753 
12 Table Mesa, San Juan......--0+++s000e+ 9 320 375,177 29,130 32,689 90 
13 Gn lo ce nMeb peeictosbercdonaaro SdacnD 19,120 | 74,786,933 | 14,049,402) 16,591,476 


i Na) al lia Ri el ee ee a eS a ce Ee ee 
1 Prior to 1932 included with Jal. 
Manuscript received at the office of the Institute April 29, 1935. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
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70,562 bbl., and one was a gas well with an initial open-flow capacity of 
7,500,000 cu. ft. The new field—operating under proration—had a 
gross production of 261,560 bbl. of oil in 1934. At the close of 1934, 
there were four wells drilling, three wells were shut down, three rigs were 
up, and six locations had been released. 

North Lea Pool.—The possible opening of a new pool in Lea County 
was indicated by the completion by The Texas Company of its No. 1 
J. S. Lea, SW. SW. NW. of sec. 14, 20S., 34E. The new well is 3 miles 
north of the nearest producer. It was completed in August, 1934, after 
plugging back from 3688 ft. to limestone pay at 3555 to 3580 ft., and had 
an initial production of 118 bbl. of oil and 25 bbl. of water. The oil 
tested 32° A.P.I., or about 5° higher than the average crude for the 
Lea pool. 

Operations have been suspended pending the completion and the 
approval, by the Secretary of the Interior, of a pooling agreement. In 
the meantime, a few additional wells have been started to determine the 
size and extent of the possible producing area. 

Hobbs .High Pool.—Kighteen wells were drilled to completion in the 
Hobbs High pool during the year, most of which were on the edges of 
the developed area on the northwestern and southeastern sides of the 
field and resulted in some extensions of the proved area. 

The development around sec. 24, 188. 37E., extended the productive 
area of the field a mile west and indicated that there is additional possibly 
productive acreage to the north and west. A single completion in sec. 34, 
188., 38E., extended the productive area about a mile to the east. All of 
the wells completed at Hobbs in 1934 were large and ranged in capacity 
from 3000 bbl. initially to over 12,000 barrels. — 


TaBLe 1—(Continued) 


Average Oil Production, Bbl. Number of Oil and/or Gas Wells Average Depth, Ft. 
A] During 1934 At End of 1934 
rg Per Per Well A 
& | Per Acre | Acre-foot | Daily £ > w | Bottoms of | To Top of 
g to End of toEndof| during | § “ 3 3 & wp, | we & | Productive | Productive 
Zz 1984 1934 qo 23 2 Ss Ss = ‘38 8S 3 Wells Zone 
= 2 = 
E B= | 2 | 2 |28| 2s | 28 | 22 
4 Coe eb eS A Tee eed em 
1 1,369 3 344 13 6 194 30 224 2,343 
2| 1241 88 41 0 22 22 3,000 
3 91 80 35 25 0 28 1 29 3,757 
4 2,138 116 41 22 0 33 1 34 4,087 
5 463 13 0 0 3 0 0 1,367 
6 8,554 144 219 18 0 211 0 211 4,240 
7 2,191 146 32 15 0 0 6 0 742 727 
8 35 35 0 12 0 0 4 0 0 0 1,804 1,794 
9] 2,871 94 51 18 0 36 1 37 3,320 ; 
: 0 14 0 : 
: 2 24 0 735 
0 6 0 1,328 
8 33 


> Footnotes to table heads and explanation of symbols are on page 249, 
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The potential of the Hobbs pool on Jan. 1, 1934, was 1,278,894 bbl., 
which compares with potential production on Dec. 31, 1934, of 2,168,278 
bbl., an increase of 890,384 bbl. and is based on larger potentials assigned 
as a result of acidization which more than offset decreases due to lower 
potentials assigned as a result of bottom-hole pressure tests. : 

At the beginning of the year 1934 there were 183 units of 40 acres 
each. This compares with 202 productive units of 40 acres each at the 
close of the year. Water units increased from 18 at the beginning of the 
year to 35 at the end of the year. The daily average allowable on 
Jan. 1, 1934, was 33,178 bbl. and at the end of the year 33,476 barrels. 

Jal Pool.—The productive area of the Jal pool was greatly extended 
during 1934 with the completion of 19 wells, all of which were productive 
either of oil or gas. New oil production from 18 wells totaled 18,500 bbl., 
estimated on the basis of short gages and in a great many -instances 
after acid treatment. } 

Eunice Pool.—The productive area of the Eunice pool was extended 
on all sides by the completion of 22 wells in 1934, but the limits of the 
field in any direction were not defined. New production from 20 oil wells, 
based on short gages and in a number of instances after acid treatment, 
amounted to 26,800 bbl., or an average of 1340 bbl. per well. The 
developed area at the end of the year was approximately four miles long 
by one mile wide, the general trend being from northeast to southwest, 
except that to the southeast of the field, about 5 miles, The Ohio Oil Co. 
completed a gas well at a total depth of 4350 ft. that since has been 
plugged back and completed for 100 bbl. of oil daily. 


TaBLe 1.—(Continued) 


a Ee ee ee 
Oil Production Character of Oil, 
Methods at End Approx. Average Producing Rock Dees ton ret 
of 1934 during 1933 cs 
ae 
a8 
Gravity P Fane 
. | Number of Wells Bose Bo a) mee 
: ‘e oe 5 
a 43 Name Agev| | -- |S 0] ots Name es 
o £| > /e 2 S13 3% om 
a yO S| 4 ims s Pe, ag 
2 | Flowi ing | Weighted [2 sts E| € [eel S822 as 
A Flowing | Pumping} Average a 3 Als 3= & 3 oa ain 
1 0 194 37 0.87] M| Dolomite zone | Per | D | Fis D| 120 
2 0 22 36 1.00] M| Dolomite zone | Per | D | Fis D 19 
3 24 4 35 y M | Carlsbad Per |L | Fis 2 6 
4 0 33 27 1.65] M | Carlsbad Per |L | Fis D 7 
5 0 0 21 1.20| A | Carlsbad Per |L | Fis D 10 
6 211 y 27.5 1.05] M| Carlsbad Per |L | Fis D 8 | San Andres 
7 0 6 56 0.00] P | Dakota CreU/}S | y | 15) D 9 
8 0 0 27 0.15} M| Mesa Verde CreU|S } z | 10|;D 8 | Dakota (CreU) | 3,283 
9 29 8 37.5 1.97] A | Carlsbad Per L | Fis ? 14 
10 6 8 27.5 1.53] M| Carlsbad Per |L | Fis 2 , 
11 0 24 64.8 |0.04]P | Dakota CreU|S | y | 61|D 14 | Goodrich (Pen) | 7,370 
12 0 6 58.0 0.04} P | Dakota CreU|S | y 7|D 7 
13 270 305 224 


‘ 
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TasLe 2.—Summary of Drilling Operations in New Mexico 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1935 Completed during 1934 


at End of F 
Dry and/or Near-dry Holes Dry and/or Near-dry Holes 934 
ane, Total Depths, Ft. Wells | Total Depths, Ft. 
tel petals, | Z| 2 
a o 
Z Ses ABBE AoE 
g * 5 Table1)| .-€ | & 
: ABE 2/4. 
= a = <I 
Bernalilloayaecne see 0} O} O} 0} 0} 1) 0) 0 1 0 
Catton iesa: cruel sri-i- 0} 1) O| 0} 0} OJ OF O} 1 0 
Chaiviesiirjdis anesct.or 14] 18] 14] 7} 3] 2} 0} 0} 58 0 2 2 2 
Colfax 5 relate isi-selelnais 1} 2) 3) 1| 2).0) 0) Oo}. § 0 
PCY petites ateot ewes 4; 2) O} O} 1) 0] 0} 0 7 0 1 
DewBacat ce kes Ay2t 8} 2! 0} 2] 3] 0} 0} Oo} 15 0 
Dona Anas. cases ie 3} 1] O} 1) 0} 0} 0} 0 5 0 
dy Ae rcs. ates 36| 45/335} 69] 8} 1] 0} 0} 494 246 5 | 12 | 10 5 2 | 34 14 3 7 
Gaudalupe ns fein. syst 3} 2) 4] 1) 2] 0} 0} O} 12 0 1 | 2 2 
Harding: (51.00 enes: 2} 0; 1) O} 0} 0] 0] 0 3 0 
Hidalgonss.caneeless 2| 2) 0} 0} 0] 0} 0} O|} 4 0 
Sasaieicinnign nie eimai 8} 3] 4/368)51/13] 0| 0} 447 325 1 | 66 | 19 | 86 86 57 
Lincoln i028 i dacckite 0; O; 1) 0} 0} 0} 0} 0 1 0 
Disha eae o| 0} 3} 2] o;o}o} 1] 6 0 
MoKanley...2.0.0nessee 36| 27; 4] 4] 0} 0] 0} O} 71 4 1 1 3 
IMoraz-ncinie tater 0} 2) 1] 0] 0] 0} O| O| 38 0 
Otero zie starter 1} 2| 1) 1) 0) 0} O10 5 0 
Quay i. Sette Aee 1) 1] 0} 6 1] 1/0} 0} 10] 0 
Rio Arriba. «rcs doles 4) 9) 4! 1] 0] 0} 0} O| 18 0 1 
Roosevelt. ...........- 1} 0] O; O} 2} 0; 010 3 0 2 
Sandoval .ccsanenn soe 2} 1) 3) 0} 0} 0} 0} O} 66 0 
Saad Wallace seeteteriets siete 88] 41] 8] 6] O} O} O} O} 143 30 15 4 19 6 9 2 
San Mguel..........-. 11/ 6} 3) 1} 0} OO} O} 21 0 1 1 4 
Santa Less censuses « 1] 1) 2) 2) 0} 0} 0} O 6 0 2 
Sierra actetecie sae dra as 0; O; 1) 0} 0} 0} Oo} O} 1 0 
HOCOLTOA Geach cela 3} 4) 1] 2] 1) 0) 0) O} 11 0 
Torrance. jnejee secs 7} 12) 1) 4] O} 1) 0} O} 24 0 Ly 2 3 
Union cee hone cetenes 4; 0} 4) 0] 0} 0} 0} 0 8 0 1 
Walenclase-casiersnccnan 3} 2] 3] 4) 1] 1] O} 14 0 1 1 4 
ORS S cureorte tela os 240)187|400/481/78/20) 1) 1|1407 605 24 | 20 | 12 | 71 | 22 |149 106 69 31 


Oil Production in Ohio, 1934 


By Dewirr T. Rine,* Memser A.I.M.E. 
(New York Meeting, February, 1935) 


Oru development in 1934 has been largely restricted to drilling offset 
and lease requirement wells. Practically no effort has been made to 
discover new fields, chiefly because of price structure and proration 
allowance. Asummary of developments during 1934 of necessity is brief. 
No state agency is maintained for the collection of data. The State 
Bureau of Mines issues permits for drilling and inspects the plugging 
of wells in coal-bearing measures only. Therefore data are not in exist- 
ence with which to compile tables similar to those in other papers of 
this symposium. 

Forty-seven counties in the state produce oil, productive depths 
ranging from 100 to 5300 ft. Approximately 35 different formations in 
Ohio have produced either oil or gas. These reservoir rocks occur 
through a stratigraphic interval ranging in age from the shallow Goose 
Run-sand of the Upper Pennsylvanian in Washington County to the 
St. Peter sand of Lower Ordovician in Seneca County. However, 75 
per cent of these formations are unimportant from the standpoint of 
real production. 

Most of the oil and gas in Ohio has been produced from the Clinton, 
Oriskany, Berea and Big Injun sands and the Trenton Lime. Of these, 
the Clinton is first and Berea second in importance. 


FIELDS 


The oil and gas-producing territory of the state can be grouped into 
five fields or districts, made up of a series of “pools”? usually separated 
by nonproductive areas, and is in no sense a belt of continuous production. 

Trenton Field of northwestern Ohio, is scattered through 15 counties. 
Development began in 1885. This field reached its peak in 1896 with 
a production of 20,575,138 bbl. for the year. For 1934, production had 
declined to 990,000 bbl. The oil is classified as Lima grade. 

Clinton Field extends from the Ohio River in. Lawrence County to 
Lake Erie in Lorain, Cuyahoga and Ashtabula counties. First Clinton- 


Manuscript received at the office of the Institute Jan, 28, 1935. 
* Geologist, The Ohio Fuel Gas Co., The Preston Oil Co. and The Ohio Fuel 


Supply Co., Columbus, Ohio. 
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sand gas production was in 1887; oil in 1899. The field ge Pennsyl- 
vania, Corning, Lodi and Cleveland grades of oil. 

Oriskany Sand Field is in Guernsey, Muskingum, Gecherion and 
Tuscarawas counties. First development began in 1921. Production 
is Pennsylvania grade. 

Eastern and See aay Field.—In this field both oil and gas are 
produced from the Berea and a number of shallower sands above this 
horizon, among which would be included the Squaw, Big Injun, Keener, 
Maxton, Salt Sand, Macksburg 700 Foot, Macksburg Stray, Macksburg 
500 Foot, Second Cow Run, First Cow Run, Peeker, Mitchell and Goose 
Run. This field overlaps with the Clinton and Oriskany areas. Produc- 
tion is chiefly Pennsylvania grade. 

Devonian Shale Gas Field, of southern Ohio, at present is limited 
to Lawrence and Scioto counties. Recoveries to date have been 
disappointing. 


COMPLETIONS 


During 1934 there were 1055 wells drilled in the state: 324 oil, 417 gas, 
314 dry. 

Of this total number, 30.7 per cent were classified as oil wells with a 
combined potential of 5586 bbl., or 15.3 bbl. per well; 39.5 per cent were 
gas wells with combined initial open flow of 333,378,890 cu. ft., or 799,469 
cu. ft. per well; 29.8 per cent were dry holes. 


PRODUCTION 


Production during 1934 in the entire state, 4,270,000 bbl. (estimated), 
was distributed as follows!: 


DatLy 


AVERAGE, 
Tota, Ba, BBL. 
Pennsylvaniawetade. 2.5% jagecie cictsrnens Geet dae © sate ena ee 1,605,000 4,397 
Corning grade icc rere) ar ei FE SE 2 . 1,675,000 4,589 
Lamas grade. cis, tre eraanc ts oc, hie ors niece eae eee 990,000 2,712 


Average for the state was 11,100 bbl. daily (estimated). Geologically, 
the production might be apportioned as follows: Pennsylvanian, 15 per 
cent; Mississippian, 25; Devonian, 15; Silurian, 45. 

Production for the year was kept within the proration allowable of 
12,500 bbl. per day; Pennsylvania grade 4500 bbl., Corning 5000 bbl. 
Lima 3000 barrels. 

While it is known that oil was produced in Ohio prior to 1876 
there are no available production figures for these years. A Ratieery as 
tive estimate of production from 1861 to 1876 should be placed at 
3,000,000 barrels!. 

Production figures from 1876 through 1934 are given in Table 1. 


1 Figures furnished by A. E. Faine. 
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TaBLE 1.—Production of Oil in Ohio 
(Thousands of Barrels) 


Year Production Year Production Year Production 
1876 32 1895 19,5452 1915 7,825 
1877 30 1896 23,941 1916 7,744 
1878 38 1897 21,561 1917 7,751 
1879 29 - 1898 18,739 1918 7,368 
1880 39 1899 21,142 1919 7,736 
1881 34 1900 22,363 1920 7,400 
1882 40 1901 21,648 1921 7,335 
1883 47 1902 21,014 1922 6,781 
1884 90 1903 20,480 1923 7,085 
1885 662 1904 18,877 1924 6,811 
1886 1,782 1905 16,347 1925 7,212 
1887 5,023 ~ 1906 14,788 1926 7,272 
1888 _ 10,011 1907 12,207 1927 7,593 
1889 12,472 1908 10,859 1928 7,015 
1890 16,125 1909 10,663 1929 6,743 
1891 17,740 1910 9,916 1930 6,519 
1892 16,363 1911 8,817 1931 5,327 
1893 16,249 1912 8,969 1932 4,644 
1894 16,792 1913 8,781 1933 4,264 
1914 8,536 1934 — 4,2'70° 


ee ee ee SS 
« From 1895 to 1902 both inclusive, or for a period of 8 years, Ohio produced more 
oil than any other state. 
6 Estimate for 1934 is based on increased production of Corning grade oil. 


REFINERIES AND GASOLINE PLANTS 


There were 18 refineries in Ohio in 1934 with a capacity of 120,400 bbl. 
daily; four are shut down. Capacity of plants shut down, 9750 bbl. 
The Gulf Refining Co. put into operation a 13,000-bbl. refinery at 
Cincinnati during the year. Ohio produces only a small part of its 
refinery requirements, the remainder being supplied largely by Oklahoma, 
Texas and Michigan. 

There were 20 natural gasoline plants in Ohio in 1933 with a capacity 
of 175,071 gal. daily; four shut down, having a capacity of 18,000 gallons. 


New Dr&rvVELOPMENT 


The most important shallow sand development in Ohio during recent 
years has been the Pultney Ridge field, in which 54 gas wells have been 
drilled, 48 of which were completed during 1934. The proven area of 
1770 acres is confined to southeastern Wills and a small part of western 
Oxford townships, Guernsey County. 

Production is from the first Berea sand, with an average thickness 
of 11 ft. Accumulation is controlled by a low anticlinal nose, which has a 
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northeast-southwest trend and probably is a continuation of the Chase- 
ville anticline in southern Guernsey and northern Noble counties. The 
structure of the Berea conforms to that of the surface beds. 

The wells average 1420 ft. in depth; gas occurring between 415 and 


455 ft. below sea level. Initial open-flow capacities range from 26,000 — 


to 5,000,000 cu. ft.; average per well, 1,350,000 cu. ft. The initial rock 
pressure of the field was 585 lb. Woodburn No. 1 in sec. 21, Wills 
Township, had an initial open flow of 5,250,000 cu. ft.; this is the second 
largest gas well in the Berea sand drilled in the state. 

In five wells in the southern edge of the present field, oil was encoun- 
tered below 455 ft. subsea. These wells were rated from 2 to 16 bbl., 
averaging 7 bbl. after shooting. 

The gas-producing area is practically defined at present, but the oil 
field may extend some distance down the dip to the south. 


REPRESSURING AND RECONDITIONING WELLS 


The first successful repressuring of the Clinton sand in Ohio was 
accomplished in 1934. The Chartiers Oil Co. began repressuring with 
natural gas, a lease located in Coal Township, Perry County, during 
December, 1933. The combined weekly production (8 wells) at the begin- 
ning of the experiment was 20 bbl. At the end of a 12-month period, 
it had been increased to an average of 250 bbl. per week. Depths of wells 
range from 3200 to 3400 feet. 

Other similar experiments are contemplated for 1935. Prior to this 
time, the only efforts made toward rejuvenation of production in the 
Clinton sand was by reshooting and cleaning out. (Practically every 
method used to stimulate production has been used or experimented with 
in Ohio.) Repressuring with air began in the Marietta district almost 
40 years ago. Vacuum, washing down, electrical heating, steaming and 
chemicals have also been tried. Acidization in the lime producing 
formations has been fairly successful; results are shown in Table 2. 


TaBLE 2.—Results of Acidization in Lime Producing Formations 


Date Formation Number of Wells Total 
1932 Trenton 34 

Niagaran 1 35 
1933 Trenton 15 

Niagaran 1 16 
1934 Trenton 15 

Oriskany 1 

Niagaran 16 32 


a 
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The ratio of increase in the Trenton territory has been approximately 
1:4, according to figures furnished by the Dowell, Incorporated. 
Prick STRUCTURE 
The price of crude oil in Ohio for the various grades is still far below 
the cost of production”. Prices for 1934 are listed in Table 3. 


Tape 3.—Prices of Crude Oil in 1934 


Ube tos eee ee SS ea 


Date, 1934 Grade par Bel. Date, 1934 Grade Bee 
Jan. 1 to 29 Pennsylvania| $1.92 | Jan. 1 to Dec. 31 | Corning $1.32 
Jan. 29 to May 1 | Pennsylvania} 1.97 | Jan. 1 to Dec. 31 | Lodi 132 
May 1 to Nov. 6 | Pennsylvania} 2.06 Jan. 1 to Dec. 31 | Cleveland teat 
Nov. 6 to Dec. 6 | Pennsylvania| 1.82 | Jan. 1 to Dec. 31 | Lima 1.30 
Dec. 6 to 31 Pennsylvania| 1.57 


ie ace Wy ee ee 


Gas PRODUCTION 


According to the U.S. Bureau of Mines, estimated gas production 
for 1934 was 51,284,000 M. cu. ft.; for 1933 it was 47,929,000 cu. ft. 

During 1933, consumption within the state was 92,762,000 M. cu. ft., 
of which 51.7 per cent was produced within the state, leaving 48.3 per 
cent to be imported. 

Average initial open flow per well, based on yearly completions was 
as follows: 


eters et fe ois ee ee 


ey Wells lriow, Mu. Fe] Yer Wells |mows Mt. Cus Ft 
1934 417 799 1931 515 890 
1933 327 864 1930 771 759 
1932 312 909 1929 931 500 
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Petroleum Development in Oklahoma in 1934 


By Lynpon L. Founy* anp C. V. Miuiixan,t Memsers A.I.M.E. 


Tur discovery of Bromide production in the Fitts field, shallow 
production in Jackson County of Southwestern Oklahoma, abundant 
production in the Edmond field, and discovery of many small pools in 
all parts of the state, were the events that made petroleum history in 
Oklahoma in 1934. Wildcatting was much more active, as evidenced by 
a number of new discoveries. There was no important development in 
the older fields. The rapid decline of the potential of the Oklahoma City 
field was an important feature of the history of the year. 

The accompanying tabulation of oil fields (Table 1)-is not complete. 
Many of the early records of operators and pipe line companies are lost 
and it will be impossible to work up complete statistics for a number of 
the older fields. The table includes most of the important fields of the 
state and includes fields of a number of different types. It is hoped that 
a great many additional fields may be worked up for next year’s report. 

Fitts Pool—The Fitts pool, in Pontotoc County, was discovered in 
1933. Before the middle of 1934, the Pennsylvanian sands yielded 
‘some oil at depths ranging from 1400 to 2800 ft. The Hunton series 
(Siluro-Devonian) produced most of the oil with considerable gas. In 
July, 1934, a well in sec. 25, T.2N., R.6E. was completed in the Bromide 
(Ordovician ‘‘ Wilcox’’) with an initial production of about 300 bbl. a day. 
Less than a month later a second Bromide sand well was completed in 
sec. 30, T.2N., R.7E., which made over 200 bbl. an hour. This started 
an active drilling campaign, which was accelerated when some of the 
major companies paid good prices for adjacent acreage. At the end of 
the year, 23 wells had been completed and the rate of development was 
increasing rapidly. It is a major oil field. The Fitts pool opened a new 
geological province for oil production. The structure is a faulted anti- 
cline ina graben. The producing formation (Bromide) and the Arbuckle 
lime below it crop out about 2 miles south of present production. The 
Hunton lime crops out about 2!4 miles north. The field is in a sharply 
folded and faulted area on the northeast side of the Arbuckle uplift. 
Heretofore, it was generally considered not favorable for oil production, 
although some gas had been found in various places. The play has 
extended east into the McAlester coal basin, and southeast toward the 


Manuscript received at the office of the Institute Feb. 20, 1935. 

* Petroleum Engineer, Marathon Oil Co., Tulsa, Oklahoma. 

} Production Engineer, Amerada Petroleum Corporation, Tulsa, Oklahoma. 
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TaBLe 1.—Oil and Gas Production in Oklahoma 
x Area Proved, Acres Total Oil Production, Bbl. 
a 
g Rol 
c F Daily 
Field, County ss Oil 
el To End of | Duri During | Average 
: d 'o End o ing jurin, 
A Des jane) Ges | Total) 11034 1933 1934, | during 
° 7 
LS 1934 
Allen’) Pontotoc. <5... «2h n82- + « 21 3,000 3,000] 34,367,718] 4,223,355) 3,065,168 
Bethel, Seminole.............-++- 10 500 500} 1,820,000 51,000] 50,000] 140 
Billings, Noble..............+-+-- 19 60} 600} 4,656,000 18,600 13,500 31.7 
Bowlegs, Seminole..........--.-+- 8 | 3,820 3,820] 96,320,902} 3,863,238] 3,953,664) 9,592 
Brock, Carter) ..0.255--<00.0--b>- 13 600} 3,479,000) .- ,000 155,000 430 
Burbank? 3, Osage, Kay.....--.--. 14 | 22,500 22,500) 184,744,000} 3,552,000} 3,352,000) 9,100 
Caldwell‘, Grant...........-..---- 6 30 30 176,000 13,000 8,600 20 
Carr City, Seminole............-- 7 | 1,060 1,060] 20,811,000} 2,753,000) 1,998,000} 4,890 
Carter-Knox, Grady, Stephens...... 10 1,800 1,800} 10,762,000 70,000 602,000} 1,575 
Chandler§, Lincoln.......-.------ 1,160 1,160} 2,323,312 
Cleveland®, Pawnee.....-...- Sek 29 9,720 9,720) 52,693,817 682,958 620,359] 1,621 
Crescent, Logan..........--.+-+-- 2 1,280 1,280) 1,539,992 100,857| 1,324,855] 3,660 
Cromwell, Seminole.........--.-- 10 | 5,000 5,000] 48,665,000} 1,795,000} 1,689,000) 4,350 
Cushing, Creek Saeco Sutucetn sae 23 | 23,528 23,528] 319,479,767| 4,553,270! 4,537,210 12,919 
Davenport, Lincoln.......-..--++- 10 | 1,690 1,690] 11,467,969 272,400 273,397 697 
Deep Rock, Payne... 20 52<-- 55+ 10 520 80 600} 2,036,429 
Dilworth, Kay....... Serra a 20 5,280 2,720} 8,000. y 241,010 217,059 595 
South Earlsboro, Seminole......... 5 300 300] 7,248,000 604,000 401,000 800 
Edmond’, Oklahoma..........---- 4 260 | 80 0| 340 116,892 1,384 95,212 325 
Pairfax®, Osage.........--------+: 9 3,480 3,480 3,735,125 72,990| 2,556,716) 11,090 
Fitts, Pontotoc... ....2-%.++- eal 1,720 1,720 323,584 0 323,584] 1,923 
HoxaCartens. Nace doer ee at: toe) 1170 420| 1,530] 11,300,000} 300,000y| 250,000y} 650y 
Garber, Garfield 19 | 3,84! 3,840} 46,983,559 948,078 857,869] 2,283 
man, Lincoln.......--.--+--- 1 20 20 26,162 0 26,162 190 
Glenn sCrethi ia Rs e base Facil 28 | 14,720y 14,720 6,700y 
Graham, Carter:......--.--+-+++-- 17} 2,520 220| 2,740] 23,300,000 800,000 700,000} 1,800 
Gray, Pottawatomie..........----- 3 1808 180) 1,540,000 564,000 806,000} 1,915 
Grisso, Pottawatomie..........---- 1 80 80 21,800 0 21,800 490 
Healdton, Carter.......-.-.-++++: 21 8,050 8,050] 167,224,000) 3,616,000} 3,384,000 9,250 
Hewitt, Carters. ...---2-220seeees 16 3,450 3,450] 77,957,000) 1,890,000} 1,812,000 4,800 
Hominy, Osage..........000-02555 15 300 300] 1,758,343 38,281 35,256 86 
East Hominy, Osage.....-.----++- 14 450 450 1,829,373 45,705 36,199 86 
Hubbard, or Retta, Kay.....-.-.- 11 620 620} 5,310,670 281,838 242,079 607 
Josey, Okfuskee........-.---+-++- 12 270} 10| 280) 4,598,154] 167,171) 154,064 400 
Keokuk Falls, Seminole.........-- 2 600 600 562,911 187,064 375,064] 1,006 
Laffoon, Lincoln.......-.--++-++++ 2 z x 94,000 . 16,000 78,000 200 
Langston, Logan......-...--+-+-- 1 160 160 73,000 0 73,000 275 
Lincreek, Lincoln-Creek.......-.-- 19 160 160 488,860 222,416 194,349 497 
East Little River, Seminole........ 7 640 640| 14,954,780 404,932 263,950 723 
Lucien, Noble.:......creeeseceees 2| 2,200 2,200} 3,967,100) 1,095,237) 2,871,863) 7,651 
Marshall, Logan.........---------| 8 700 | 240 940] 13,065,485] 3,287,967] 1,886,663 727 
Maud, Pott.-Seminole..........--- 6 1,440 1,440] 10,092,000 559,000 443,000} 1,020 
Meeker, Lincoln.....--..---+++-+ 1 10 i 1448 0 8,448 0 
Naval Reserve, Osage........--.-- 7 | 2,240 | 160) 160] 2,560} 3,837,200 435,419] 2,916,374] 7,839 
Newman, Hughes.......-----+++> 11 £ z 91,142 12 
Nicoma Park, Oklahoma.....-...- 5 z x 250,284 29,580 25,087 62 
Norfolk, Payne......-.--20+2+05+ 17 130 | 230 360| 2,504,929 
West Norfolk, Payne....-....-+-> 7 230 230} 1,616,380 
Oklahoma City, Oklahoma......... 6 209,094 
Oklahoma City, Oklahoma......... 5 3,690 3,690] 151,835,527] 46,910,992) 47,210,407 122,370 
Oklahoma City, Oklahoma........- 6 6,250 200) 6,450) 80,998,535] 16,050,329 13,237,036] 30,111 
Oklahoma City, Oklahoma........- 6 | 1,590 1,590) 17,504,866 95,054 162 
Oklahoma City, Total....... 11,730) 250,548,022 
Otoe City, Noble..........--++5-- 5 10 10 49,957 8,752 6,310 18.5 
Otstott, Kays ot. ... este. 23-6 17 3,300 3,300} 3,244,543 249,158 227,361 598 


1 Includes West Allen. 


2 South Burbank, included with Fairfax, below. 


3 Part of field under repressuring. 
4 Major portion of field is in Kansas. 
5 Includes West Chandler. 


6 Includes Lauderdale and North Terlton. 


1 Field discovered in 1930 and shut in until April 1934; Pressure “e 


8 Includes South Burbank. 


2 Footnotes to column headings and explanation of symbols are on page 249. 


“e’ at —5400 datum. 
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Ouachita Mountains. Geologists and lease men are active throughout 
the area. 

Altus Wells.—A small gas well southwest of Altus, in Jackson County, 
sec. 10, T.1N., R.20W., was completed in November in an arkosic sand 
at about 1500 ft. Completion of a 300-bbl. well on the same lease since 
the end of the year may be the forerunner of an important development. 
This is the first production on the southwest flank of the Wichita 
Mountains, and has aroused general interest in a considerable area that 
previously was dormant. 

Edmond Pool——The Edmond pool was discovered in 1930, with a 
300-bbl. well, in the “Wilcox” sand at 6700 ft., sec. 32, T.14N., R.3W. 
in Oklahoma County. The well was shut in until April, 1934. Three 
offset wells were completed in 1934, all of which were higher structurally 
than the discovery well. The south offset is about 400 ft. higher than 
the discovery well. At the close of the year, a fourth well }4 mile north 
was being completed. The wells have rated potentials ranging from 
1000 bbl. of oil with 60 million cubic feet of gas, to 14,000 bbl. of oil with 
a low gas-oil ratio. The field emphasizes the great unconformity between 
the Pennsylvanian and Ordovician. In the present wells, the maximum 
structural relief on the Oswego lime, which is the lowest definite Pennsyl- 
vanian marker, is less than 50 ft., while the structural relief in the Ordo- 
vician is more than 400 feet. 


TABLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 

By 
be a m 
3 Field, County ds Oi 

E : il To End of | During During 
2 ral. OU jand| Gas | Total)" “yoga | 98m. | eagia 
2 ‘Be 
a 2 
56 | Papoose, Hughes, Okfuskee........ 11 | 2,400 22,349,000 522,000 
Dialeeottit, Osage... mammteninas-« delete 15 380 3,623,575 56,400 
HS Polos Nobles casa takiresis eases 1 130 103,148 0 
59;|,Ponca City, Kay: .sctj.ms..<s.csbe< 24 1,670 5,756,700 133,709 
60 | North Ripley, Payne............. 7 90 90 1,110,000 
61 | Robberson, Garvin, .............. 14 | 1,480 11,500,000, 539,000 
62, | Rofl, Pontotoc’ cohce.cc 6 sae cee 17 
63 | Sasakwa, Seminole............... 7 560 6,717,658 730,761 
64 | Sasakwa Townsite, Seminole....... 2 120 707,806 224,000 
65 | Seminole City, Seminole.......... 9 | 3,640 107,508,499} 3,932,217 
66 | West Seminole, Seminole.......... 5 180 6,332,000} 1,216,000 
67 | Sholom Alechem, Carter, Stephens..| 11 | 4,180 28,800,000y| 2,028,000 
68 | Tatums, Carter......... 8 | 2,200 0 11,600,000y| 2,325,000 
69 | Thomas, Kay.......... 11 140 5,280,000 76,512 
70 | Tonkawa, Kay, Noble 14 2,300 | 500 116,257,587) 1,675,161 
Tle WN@ENON ACC era eledletere ttle eae 11 920 2,353,504 176,502 
72 | Vines or Scott, Murray, ......... 15 x 3,000y 1,000y 
73 | Wewoka, Hughes, Seminole........ 12 | 2:150 37,546,522] 1,647,181 
74 | Wewoka Townsite, Seminole....... Included with Wewoka 
75 | Wheeler, Carter. oc cst. csvececss ss 19 540 1,100,000y 35,000y 
76 | Wilzetta, Lincoln............0.05. 1 200 141,000 0 
74.|- Braman, Kayan e cee ie oe ll 910 | 185 18,796,736 599,699 


® Wells made 1 to 5 bbl. of very heavy asphaltic oil but none was ever sold. 
10 Hot air circulated in wells in order to pump heavy oil. 
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TaBLE 1.—(Continued) 
A Oil P ion, i : 
wie Bbl pee GE ae Number of Oil and/or Gas Wells 
oo . 

~ ie & During 1934 At End of 1934 

sac} x “ be A 
8 a se | 2 rd baat Bae a 3 = 

S es x mi oO b> 
gales ae ae of 1934 2 | & | gs es g| a #2) 23 wal 2 
5 | #2 | <8 | ee 2| 2 | 2F\ ee) 2 | 2 | esl eclselaalze 
£ | e* | £2 | & S| 2 (22 \8=| & | 4 84) ze /23| 26 | 
1 11,459 x Es a 
2 3,640 182 5 © £ x 52 0 x 30 
3 | 7,760 | 155 4.5 x x 2 60 | 0 0 1 if 3] 10 
4 | 25,215 43 x z z 354] 0 y 223 223 
5 | 5,798 z 3.6 x x x 139 | 0 0 121 121 
6 | 8,388 4.6 2,204| 3 | 28 1,980 1,980 
7 | 5,867 | 978 20 2| 0 0 ie aes 1 
8 | 19,633 | 785 51 113] 0 x 96 96 
9 | 5,980 10 214} 1 4 | 10| 158 158 
10 67 
11 | 5,421 3 1,350 544 21 | 565 
12 | 11203 | 41.5] 159 | 1,809y} 183] 1,126) y 93.| 14 0 Ormetodl Pry 2 |en 23 
13. | 9,733 15.5 490| 1 | 14 2801 y | y| 490 
14 | 13,579 6.4 3,512 2,005 64 | 2,069 
15 | 6,786 228? 
16 | 3,380 48 10 1] 11 
17 5.4 1 116 116 
18 | 24,160 | 965 40 30| 0 22 29 
19 344 x 81 | 40,280 040,280] = Bi 8 0 31 21 0 5 
20 | 1,073 | 18 y 119 | 98 o-} 14 
21 188 92 a1 | 21 0 oO) et 21 
22 | 10,200 6 | 75,000y] 4,500y| 4,000y 142) 0 0 | 6y| 98 38 | 136 
93 | 12,235 x 3.8 951 601 7 | 608 
24 | 1,308 190 PA 2 0 0 a] 0} 0 2 
25 2. 8y 2,450 2,450 
26 | 8,500 | 190 6 | 46,000y| 1,600y| 1,400y 322 | 0 0 6 | 300 18 | 318 
27 | 8550 | 342 | 137 14 0 14 14 
28 275 | 23 | 490 es 0 0 O| et 0 1 
29 | 20,773 2,142 | 7 7 x | 1,893 1,893 
30 | 22,600 6 396. | 0 3 | 122 | ‘794 794 
31 | 5,844 | 106 7 37 | 0 0 12 12 
32 | 4,065 2.8 65 | 1 0 30) 11) 01) sat 
33. | 8,565 17 75 5 7| 35 35 
34 | 17,030 14 33 | 0 0 29/ 1] 30 
35 938 72 15| 9 0 Ou et5) eo) 201) ads 
36 x z | 200 Pull si 0 0 Dl oo! 20 2 
37 456 | 45 90 A 8 0 Oster | 0 3 
38 | 3,553 83 7,816 20| 0 7 6 8 
39 | 23,367 10 87 | 0 63 63 
40 | 1,800 144 55 | .38 (ee 53 
41 | 13,900 | 331 25 | 12,000y x a| 2 eal 1 y| 29 Pull By 
42 | 7,008 | 701 10 140| 0 a 4] 100 100 
43 845 1 1 1 0 0 
44 1,599 23 78 952 0 952 114 76 0 5 100 9 109 
45 a z 12 1 0 0 0 1 0 0 1 
46 Ps a 62 1} 0 0 0 1) 01] 0 1 
47 19,269 28 15 13 28 
48 | 7,027 30 19 Wi) a0 
49 91 10 5 76} 81 
0 | 41,147 | 342 | 223 y y yl oy 557 | 56 3 | 43| 20) 487] 4| 511 

12,959 74 i y yl oy 435 | 0 86 | 30] 279} 19 | 328 
a 11,009 23 107 0 30 6) dalton! eat 
53 1,190 
54 | 4,995 | 208 18.5 ithe 0 0 (i) Ole 0 
55 122 y y y y y y y 
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South Burbank.—The discovery well in the South Burbank field was 
completed in March, 1934, with an initial production of 1300 bbl. from 
the Burbank sand at 2850 ft. This development created considerable 
interest in the sales of Osage Indian leases. By the end of the year, 
78 wells had been completed with an initial production as high as 5000 bbl. 
Further development may prove that this field connects the Burbank and 
Fairfax fields. . 

Other Wells—A number of other pools were discovered but none has 
promise at this time of becoming a major field. Perhaps the largest of 
these is the Polo field in T.22N., R.2W., Noble County, which was | 
opened in July. Production is from the ‘‘ Wilcox” sand at about 4200 ft. 

At the end of the year, 11 wells had been completed, with initial produc- 
tion ranging from 1200 to 2500 bbl. A well northwest of Langston in 
sec. 14, T.17N., R.1W., was completed in the first ‘‘ Wilcox” sand for 
225 bbl. at 4900 ft. Water was found in the second ‘ Wilcox.” Two 
offsets have been completed. It is possible this field-may cover con- 
siderable area but unless more sand is found it will not be an important 
factor in the industry. The Wilzetta pool was discovered in February, 
with a well in sec. 35, T.12N., R.5E., producing from the Hunton lime at 
4250 ft. The ‘‘ Wilcox” sand was dry. Three offsets were completed 
during the year. The initial production after acidizing ranged from 500 


TABLE 1.—(Continued) 


Average Oil Production, Total ion, : 
pare Fotis oe eee Number of Oil and/or Gas Wells 
wo 
A = -| During 1934 At End of 1934 
Gel 3 > E 
bs al 
(2 | 32 /e.l@lelsldsls zg 
eles $3 | SS |riss| 8 | & | ae |e B |EE| wp| wy] we 
g 2 er ga a Sit eee 3 a 28 a>| 2 aa = 
2 | 23 | 28 |e: 2) 2 | Pl es] a} |gs/86 35|35|_5 
2 |p| ss | se 2/2) 25\8| & | 2 | el zs| Fe Bale 
a | sy ey A LSe 135°] S | Se tee sel aeoi ee 
56 9,312 | 981 12 267 | 0 x z| 96 96 
? 32] 0 4 
58 793 100 9| 9 0 0 9 . D 5 
59 | 3,445 i 12g | 0 2 | -27-|~.43) Sod on aes 
60 | 12,333 | 445 9| 0 x 4| 4 9 
61 7,700 6 273 | 0 5 200 15] 215 
62 0 4 0 o| o|-o 
¥ sano 50y y y y vleoy y 7] 
65 | 29,535 39 357 | 4 x 225 225 
66 | 35,178 11,172 | 168 16] 0 1 
67 | 7,000y 13 | 15,000y 362] 0 3 : 330 15 348 
68 | 5,300 | 90 29 0 0] 0 195 | 28 0 o| 195) of] o| 195 
69 | 37,714 29| 0 0 1 0| o 
70 | 41,520 x 6.6 z z a} ox sas} 0 | 13 | 21] 516 21 | 537 
71 | 2,555 
i 53 | 0 0 3. eeu 

e « oe x x 0 0 0 0 0 0 z 4 0 0 “ 
73 : 350 170 
75 | 2,000y 2 500y 0 0} 0 | 100y-} 0 x 5Oy 50y 
76 400 8 85 £ x x z 4 4 
77 | 20,626 | 1,375 21.5 x x a] oz 144] 0 t 10 v4 : ; $i 
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Character of Oil Approx. 
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Pressure, Lb. per Sq. In.¢ 


Average during 1934 


Average at Gravity A.P.I. 
End of at 60° F. 
Initial g 
42 
g/e8| 8 
1933 1934 4 £ 26 aS s 
. o 
3| Slee 8 
37 
x = 2|42 |41 P 
40 | 0.3 
88 |25 | 35 | 0.8)/A 
38 
40 M 
e320 e135 e100 40 | 0.3|M 
88 |26 -| 35 
39 (36 
2,760 | e2,700| ¢2,400)43.3/41.8) y 0.2| M 
35 
40 |36 
40 M 
42.7|38 | 40 P 
e550 e370 e370 40 | 0.3)M 
€2,900 | ¢2,900| 2,829 |52 38 |39y 
900 800 |42 |38 
1,920 e1,815 |39.6/38.6) 39.2) 0.2} M 
500-1,000 35) 127 | at M 
42 136 
P 
35 P 
750 36 |26 | 32 M 
e1,440 | e1,220 40 M 
35 M 
32 |29 31 
36 ial 34 
36 (35 35.5 P 
37.9|36.9| 37.4, 0 |P 
53 .1137.5 
e1,820 | e1,715) 1,710 42 41.5 
1,872 22:5 A 
40 M 
1,100y 40 
41 {37 P 
e2,200 e1,594 41.8] 0.2) P 
1,950 x 2\40 |36 36.3) 0.3) M 
€1,000y 50y 50y a 0.35] M 
< x x|41.5/40.0] 41 {0 P 
7 zr x 
x x x 39 Pp 
a x x 40 M 
£ x x 39 M 
e2,600y y y 38 |0.2 |P 
e2,600y y y 36 |0.2 |P 
e2,600y y y|42 [31 She 10.2) | P 
x x x 41 
x x My y 
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to 1500 bbl. of oil and some water. An Earlsboro sand well in sec. 5, | 
T.10N., R.4E. made 500 bbl. An offset was dry and a well 14 mile 
north had but little sand and was dry in the “Wilcox.” A well in ~ 
sec. 33, T.14N., R.4E. (Gessman pool) made about 250 bbl. from the 
Cleveland sand. This well was dry in the ‘‘Wilcox” sand and was 
plugged back. Two additional wells, with initial production of 450 and 

750 bbl., respectively, and a dry hole were completed offsetting the 
discovery well. The Dill pool was opened in August by a well in sec. 2, 
T.11N., R.8E., Okfuskee County, with initial production of 700 from the 
Cromwell sand. One additional well was completed. Several other 
wildcats in the state produced oil but did not stimulate further immedi- 

ate development. 

Wildcats.—Two wildcats created much interest but at the end of the 
year looked disappointing. One was in Caddo County in sec. 34, 
T.10N., R.10W. Oil sand was found just above 10,000 ft. A test was 
disappointing and drilling continued to 11,230 ft. It was still in Penn- 
sylvanian at the total depth, with indication that there might be 3000 ft. 
more before reaching pre-Pennsylvanian formations. In plugging back, 
trouble arose, and work was still going on at the well at the end of the 
year. It may make a 100-bbl. well. The other well, in sec. 19, T.11N., 


TaBLE 1.—(Continued) 


Depth Fe | Oil Production Methods at End of 1934 | Pressure, Lb. per Sq. In.e | Character of Oil Approx. 
N f Average at Gravity A.P.I. 
2 umber of Wells End of at 60° F. 

4  —— 3 
3 “3 2 ae 2%, Initial 
| ne op é 2 hea >| 
ei 5 a, 8 |Flow- | Pump-| Gas | Air- | Miscel- | 8 £ g &| 8 
Z Bes 2's] ing | ing | Lift | Lift | laneous [S e ee a 33 8°]s 

pe r — ‘SO 3 
4] aF | 8 ae 3|S/B= ia" \a 
56| 3,320 | 3,310] 0 a6 0| 0 0 x x z 37 |0.1|M 
57 
58| 4,900 | 4,823} 9 Oy Wik ww 0 €2,000 44/4 
59 12 31 0| 0 0 445/384 i 
60| 4,259 4,199) 0 9) | 7 Ovaeo 0 40 M 
61] 1,400 |1,300/ 0 200 | 0] 0 0 600 33. 2 
62 500 22 0 a “4 
63 
64 2 
65| 4,150 | 4,100 225 40 |0.3 
66| 4,115 |4,085) 0 15] O| 0 0 500 1 
67| 3,300 | 2,900) 0 330 | 0} 0 0 “760 | “te 35 |27 32 M 
681 2,400 12,250) 0 195 | oO} 0 0 500y x x|31 |21 | 28 M 
69 0 9 0) 0 0 L x 2 156.7/40.2 
70| 4,216 1,819) 0 516 | 0} 0 0 | 32 x x x /44.2141.8] 39.8]0.2 |M 
71 1 9} oO] 0 0 
72) 1,250 {1,150} 0 10 0} 0 0 ec el ih 
731 4,100 | 3,200 170 
74 
75| 1,050 |1,000] 0 | OO AN. fe 300y 21 417 | 20y M 
76| 4,290 14,240] 0 4} 0|] 0 0 e1,977 
77| 31402 |11934| 0 74 | O| 0 ie z x ane 3 37 39-710 3 M 
a ce ee | | | 
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Character of : 
Gas Approx. Producing Rock peret foe ees 
Average Ss 
during 1934 ag 
eras at ss. ae pe 
Le oe A px 
Bs FS Name Ageg & ‘. 35 3 Spe Name we 
oe | o a\_¢|ee| 2 Ae Le 
ao | a8 5 outs = ie) Se 
SAEs a|é|s<| 8 |e Be 
Cromwell, Wilcox Pen, Ord iS) Por y AF 
Cromwell Pen 8 Por 20 A 8 | Wilcox 4,385 
Hoover Pen S Por 0 A 10 | Arbuckle 5,031 
Wilcox or Simpson Ord NS) Por A 126 | Wilcox or Simpson | 4,913 
1.25 | Various sands Pen Sy) Por z AF | 46 | Ordovician Lime | 3,000 
Burbank Pen § Por ML | 75 | Granite 4,240 
Wilcox ‘ Ord 5 Por 6 A 2 | Wilcox 4,785 
2 ey wen Be Ord asp ae 13 | Wilcox 4,210 
arious sands ‘er 5-20) 15 61 | Lower D P 
Wilcox Ord S | Por A Ber Dee | an 
Cleveland, Bartlesville | Pen s Por Arbuckle Lime 
0.38 | Layton, Wilcox Pen, Ord § 23 ues Af 1 | Second Wilcox 6,372 
26 
Cromwell Pen i) Por Af 55 | Wilcox 4,226 
Numerous horizons Pen, Ord | S-L | Por Af Granite 3,750 
Prue en Ss Por 
Wilcox, Bartlesville Pen, Ord 8 Por 50 A 3 | Arbuckle 4,542 
Various Per, Pen, 
Ord S-SL | Por A Arbuckle 4,243 
3 Wilcox Ord 8 Por | 25 A 4 | Wilcox 4,225 
Wilcox Ord Ss Por A 1 | Wilcox 6,853 
Burbank Pen S| 20-25 ML | 22 
1.25 | Bromide (Wilcox) Ord LS | Por AF 5 | Bromide Form 4,290 
Deese Form Pen iS) 30y A 25 | Dornick Hills 4,200 
Various Per, Pen, 
Ord S-L | Por AF Granite 
Cleveland Pen i) Por y Wilcox 5,002 
Glenn, Wilcox!! Pen, Ord iS) ML Arbuckle 2,964 
Deese Form Pen ) A 40 | Dornick Hills 5,108 
Simpson (Wilcox) Ord 8 25 A 1 | Simpson (Wilcox) | 3,500 
Hunton Sil L A 1 | Wilcox 4,860 
Various Pen, Ord SL A Arbuckle 
Hoxbar Zen = i) 50 Af 76 | Arbuckle 
Burgess, Arbuckle Pen, Ord | SL Sead A 8 | Arbuckle 3,206 
Bartlesville Pen 8 50 A 16 | Arbuckle 2,857 
Various Pen, Ord | SL AF 12 | Arbuckle 3,761 
Dutcher-Wilcox Pen, Ord , 
Misener is 5 20 A 3 | Wilcox 4,483 
Wilcox Ord 5 89 A 0 | Wilcox 4,267 
Wilcox Ord 8 10 A 0 |-Wilcox 5,246 
Wilcox Ord ) A 6 | Arbuckle 4,023 
Cromwell-Wilcox Pen-Ord § A 24 | Wilcox 4,754 
Wilcox? Ord 8 A 5 | Wilcox 5,500 
1,195 Various Pen, Ord 8 116.5 | AF 16 | Arbuckle 6,608 
Misener-Hunton Mis, Sil SL 10 A 33 | Wilcox. 4,330 
Wilcox Ord 8 6 2nd Wilcox 5,561 
1,400 Burbank Pen 8 70 ML Wilcox 2,975 
Lyons Pen 8 17 y 2 | Lyons 3,710 
Trosper Pen 5 10 ML 3 | Wilcox 6,904 
Various Pen, Ord SL A Wilcox Ah 3,509 
Various Pen, Mis, 
Or SL A Tyner 3,705 
1,120] 0.8 | Various Pen iS} A 
1,180| 0.8 | Wilcox Ord Sy) 120 AF 14 
11 Wilcox production is of minor importance and is limited to two local anticlines. 
12 One me producing from Oswego Lime and one from Misener sand. 
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R.1E., in Oklahoma County, showed oil in the Hunton lime at 6028 ft. and 
was ae in the “Wilcox” sand at 6525 ft. It was plugged back to the 
Hunton, but looked like a noncommercial well at the end of the year. 

Lucien Field.—The Lucien field, in Noble County, continued the trend 
of development that it showed at the end of 1933. There were 52 wells, 
each in the center of a 40-acre tract, producing with a rated potential of 
about 115,000 bbl. In December, a well one mile east of production on 
the south end of Lucien was completed, making 600 bbl. from either the 
Misener or Viola. Production in the Lucien pool is from the ‘‘ Wilcox” 
series. 

Crescent Pool.—The Crescent pool, in T.17N., R.4W. practically 
completed development during the year. There were 23 wells in the 
field, having a rated potential of about 75,000 bbl. Spacing is generally 
one well in the center of a 40-acre tract. The field gained notoriety 
during the year when Eason Oil Co. obtained a court decision permitting 
it to drill on a 10-acre spacing contrary to the plan of development 
approved by the Administrator for the Petroleum Industry. This 
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Character of Deepest Zone Tested 


Producing Rock 


Approx. to End of 1934 
Average ss : 
during 1934 a8 
ee 3 be 
5 am ae Aes 
2). ae Name Ageo =, g £2 |. [segs Name 
| a. | a £1 s| 28) 2 lees sé 
AS 3 s as 3 |S8's oP 
Z| “| Ss 2 | 3 |/ee| 8 428 ag 
g| 33) oe a ed a as 
S150 15 Olm.| at] a less an 
51 | 1,160] 0.7 | Lower Simpson Ord Ss 12 140 AF 8 
e 1,150| 0.7 | Arbuckle Cam, Ord | L Cav AF 7 | Arbuckle 7,138 
54 Layton Pen § Por | 24 A 4 | Wilcox 4,675 
55 11 | Arbuckle 
56 1.0 | Papoose (Cromwell) Pen NS) Por 10 A Wilcox 
57 F Arbuckle 
58 Wilcox Ord i) Por 45 A 1 | 2nd Wilcox 4,919 
59 : A 46 | Arbuckle 
60 Wilcox Ord 8 Por A 3 | Wilcox 4,590 
61 1.0 Per, Ord SL | Por A i 
02 Ada Form Pen LS | Por | 35 nam gers 500 
romwell- Wilcox en, Ord 8 ig AF 
64 Wilcox Ord 8 4 Por AF She si me 
65 Wilcox (Simpson) Ord $ Por A 142 | 2nd Wilcox 4,860 
66 4.8 | Wilcox Ord i} Por 30 A 2 | Wilco: 
67 Deese Form Pen S Por A 54 Dornick Hill 
68 Deese-Dornick Hills Pen N] Pp ick Hills ee 
- Desge-l Pee Mis, ‘or 60 AMU]| 35 | Dornick Hills 4,250 
’ Ord 8-L | Por AF 2 
70 | 1,335) 3.13 | Various Pen-Ord 8 Por Af 3S yee 4,415 
71 A 8 | Arbuckl 
72 Simpson Ord 8 P ay 
73 Cromwell-Hunton Wil-| Pen, Sil, < i" a hie be aa 
> cox Ord SL | Por A 98 | Wilcox 4,200 
75 Pontotoc Pen NS] Por A 15 | Pennsylvania 3,900 
76 3.0 | Hunton Sil L x A i 
77 | 1,440| 4.7 | Various Pen-Ord |. SL | Por A | 15 aoe 3553 


——— _— he a Tee Be 


LYNDON L: FOLEY AND C. V. MILLIKAN 363 


decision.may cause a redevelopment of the field on a 10-acre spacing, 
resulting ultimately in one well to each 8 acres. 

Greater Seminole.—In the Greater Seminole area some development 
continued in the south part of the St. Louis district. Most of the produc- 
tion was from the upper Simpson dolomite, although ‘‘ Wilcox” sand 
production was found near the end of the year in sec. 6, T.6N., R.5EH. 
A productive “Wilcox” spot was found at the south end of the Fish pool 
in sec. 31, T.7N., R.SE. In several places in the Seminole area there is 
known to be undeveloped Hunton lime production, especially in the south- 
western part. The wells are not large and production is erratic, but 
generally they respond to acid treatment. This Hunton production may 
be the object of much of the drilling activity in the area in 1935. 

Oklahoma City Field—The Oklahoma City field had but little addi- 
tional development. During the year, proration restrictions were 
removed from wells producing from the Arbuckle and lower Simpson. 
Of the 550 “‘ Wilcox”’ wells, only about one-fourth were flowing naturally 
at the end of the year. The present potential of the “ Wilcox” sand wells 
is only 935,000 bbl., compared to 3,200,000 at the beginning of 1934. It 
is probable that the present rated potential is considerably higher than 
could be demonstrated by an actual test of all wells. This does not 
mean, however, that the Oklahoma City field will not continue to be an 
important producer of oil for several years. Its present allowed produc- 
tion is 125,000 bbl. a day from all zones. 

General.—Development in the northeastern part of the state in the 
shallow producing areas was more active than it has been during the past 
five or six years. Interest was again being developed in repressuring, in 
study of possible favorable water-flooding prospects, especially in areas 
that responded to acid treatment. The state produced approximately 
178,000,000 bbl. in 1934, which is almost the same as production in 1933. 
There were 1717 wells! completed, of which 27 per cent were dry holes 
and 5 per cent gas wells. In 1933, there were about 1100 completions. 
Wildcat wells were more numerous and more successful than in 1933. 
Proration by the Corporation Commission was generally successful. 
The price level of crude oil was maintained throughout the year, although 
there was a short period in the early fall when the price structure 
was weak. 

Outlook.—In 1935, most of the production development will be in the 
Fitts and Edmond fields. Wildcatting probably will be more intensive 
than in 1934 and no doubt will result in the discovery of several new 
fields. The general optimism at the beginning of 1934 waned in the 
middle of the year but was revived, and 1935 started out with a more 
favorable outlook than for several years. 


1 Oil & Gas Jnl. (Jan. 28, 1935). 


Oil rita: W. i. Ai Shell Petroleum. Corps 
Ogden and Ira H. Cram, Pure Oil Co.; H. W. -eabody, 
Petroleum Corporation; C. H. Pishny, Amerada Petroleum Cory 
C. L. Quick, Midco Oil Corporation; E. F. Shea, Stanolind Oil and ( 
Co.; G. C. Siverson, Tidewater Oil Co.; M. L. Terry, The Texas C 
pens C. W. Tomlinson, Schermerhorn Oil Co.; W. B. Wilson and 
Power, Gypsy Oil Co.; Elfred Beck, C. G. Carlson, G. P. Williams andy * 
Bs B. Zavoico. Se 
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Oil and Gas Development in Pennsylvania, 1934 


By 8S. H. Catucart* 
(New York Meeting, February, 1935) 


Prics, production and drilling operations exceeded any year since 
1930. A top price for crude of $2.55 was maintained from May 1 to 
November 6 and increased activity about coincides with that period. 
The average crude price for the year was: Bradford, $2.46; Kane-Butler, 
$2.34; Southwest Pennsylvania, $2.13. 

Production for the year exceeded 15 million barrels, an increase of 
about 2 million barrels over 1933. That this increase was more than 
justified by market demand is indicated by a reduction of 892,000 bbl. 
in stocks for the year. 

Two classes of data appear on Table 1, which are differentiated by 
footnote references. Where possible the figures were obtained from 
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98; | Hebron; Potters nti cvs soccer nein 


5 Age, Years || 7; Age, Years 
Line : ; Line 
um- Field, County to End of Num- Field, County to End of 
1934 1934 

ber 54 ber xia 

1 Allegheny ....0cccccccrcecereeeeenes 15 to 56 17 WM ercetss sien ster 

2 | Armstrong.....-++-sseeecreercorencs 14 to 69 18 Potterseds ost. 

3 | Beaver 37 to 74 19 | Hast Fork, Potter. . 

4 | Butler 90 | Bllisburg.Pother utente co cce> occdetres 

5 | Clarion ON i Geneseosth often. cm tom .ctaie oaalagyes visfelerriels 

6 | Crawford DD) “i Harrison: lortens tae as iwe sale oe) sipeeisiers!« 

7 

8 

9 


1) Gas eNO COT 

GERIG. news eere.s 3 24 IS it aK noo atoc oC BAtIOUe HOOD ar hor 

Fayette 95 | Farmington, Tioga.........-.-.s.+++% 4 
10 | Forest 96) W\Gaines, Lt09G.. «isies ve orci cersciceses 37 
11 | Greene 27 GSO [een or MOO ee ger OID 47 to 75 
12 | Indiana. 28 Wotreth. «cc snealeie «ec sinw ieee 13 to 74 
13 | Jefferson 29 | Sheffield Township, Warren.........--. 54 
14. | Lawrence 30 Washingtoti sai sitacuatilevsls sit inirin + cetesis 32 to 52 
15 | McKean......2-.eeeeeerceveeecesoes 19 to 71 31 Westmoreland. ...0.sccsecsvsecseunn 14 to 56 
16 | Bradford, McKean.......++++++++++: 32 THOCAN, ch widceseebobialo om eiele caioet 


1 For county, range of age of pools in years since discovery is indicated. 
2 Data compiled by Pennsylvania Geological Survey. 
individuals and companies that, from long acquaintance and varied 
contacts, are most capable of supplying an estimate where an estimate 
is necessary. The remaining data represent a rather careful compilation 
from all available published records (see p. 378). 
Drilling operations and production as summarized by the Ozl City 


Derrick are as shown on Table 2. 


Manuscript received at the office of the Institute Feb. 18, 1935. 
* Senior Geologist, Pennsylvania Geological Survey, Harrisburg, Pa. 
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Practically all drilling in Bradford field, where activity centered, was 


in proven territory and for repressuring purposes. 


OUTSTANDING ACTIVITIES IN 1934 


There was no significant discovery during 1934. The “shallow” 
sand fields of western Pennsylvania were not appreciably extended either 
laterally or vertically and only one new pool was indicated in the ‘“‘deep”’- 
sand gas area in the northern part of the state. The outstanding activi- 
ties of the year were: (1) experimental water-flooding and gas and air 
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Area Proved, Acres Total Oil Production, Bbl. Poel BL 
Line : = wo 
Num- . x 5 2 BS 3 —x 
ber Oil To End of During Duri oz Set tay Ay ERS 
Oil | and | Gas Total 1933 1933 | ~ig3ge |< | 83 |Eeslscs 
Gas 24 3 PES <z <2F Bee 
Bss| SA |SSs|Saz 
a ee a 
By 66,2022 a 112,202? 172,222 33,178,2315 254,527 y y x z y 
2 15,20x? x 282,c002 292,202 297,386 22,576 8 y a = y 
3 20,22z 2 25,222 45,r0x 1,058,544 43,006 46,yyy lyy| lerr} lzx 0.1 
4 66,202 x 6z,rrz2 122,222 8,937,478 482,912 y y| 650 ole 
5 20,2222 z| 18l,coz 201,222 2,505,160 144,053 134,yyy E 4 ely 
6 6,c20r = 1,axx? Viove 996,900 100,483 y uy z zly 
ik 12,427 Cs 99,200 111,zzx 1,200,035 74,118 y y| 983 26 |. y 
8 3,202 3,220 
9 £ 11,cra? ll,zrxr 
10 22,00% z 19, 20x? 41 arr 1,396,121 93,239 8l,crx 222 z =) gy 
11 21,20x2 a| 25a,cxx2 272,222 10,891,533 169,324 y y| 8xz z y 
12 64,202 64,r202° y 
13 2,622 105,272 108,crr 113,835 4,832 5,960 16 z z y 
14 15,crr £ 8, rrr 23,c0x 324,7356 18,092 20,uyy by} saz 2z v1 
15 80,202 x 76,202 156,crx 69,603,942 y y y zs z y 
16 75,258 75,258 | 292,177,2zx | 10,129,rrz} 11,897,700 | 31,081] 40zz| 102 | y 
17 7,cvx x 16,222? 23,72 192,490 13,596 y y z z y 
18 1,280? x 35, car? 36,c00 114,959 8,345 y y ES Z y 
19 200 200 
20 1,600 1,600 
21 500 500 = 
22 rxT Ure 
23 4,002 4,c0n 
24 6x22 6rr 
25 7,000 7,000 
26 2axr2 2en 47x, 0027 55x 4,8rx 13) 1,502 y 
27 84,r0x x 44,c0x 128, 0x0 15,533,037 931,032 y y x z| y 
28 49, crx 53,a02 4,503,110 300,687 y y x aioy 
29 6,211 | 6,022 4,473 16,706 
30 | 65,7202 z| 192,cxx? 25a,rrr 79,287,3025 416,709 y y z zl] y 
31 Bra? x 95,rxx? 95,rxx 2,222 302 y y x zily 
32 | 55x,rxa}6 ©} 1,6rz,crx'6 | 2,lrc,cra'6 | 89x,2rz,rr28 | 12,544,179) 15,263,950° | 40,351) Text | Text | y 


@ Footnotes for column heads and explanation of symbols are on page 249, 
4 Chiefly from Pennsylvania Bureau of Statistics reports. 
‘Figures for Allegheny, Greene, Tings and Washington counties indicate all years except 1907-1920 when only total 


production for Pennsylvania was reported. Remaining figures are for years 1921-1933, as previous to 1921 production for 
these counties was reported in larger than county units and cannot be apportioned. Bradford field is total production for 
that part of the field in Pennsylvania. 

5 From 1891-1906 the McDonald pool produced 41,025,000 bbl., of which 30,000,000 is here assigned to Washington and 
the jones iO tleeneny er 

rom 1889-1906 Beaver and Lawrence counties produced 9,590,642 bbl., which cannot be apportioned be 

It has been estimated that the total production of Beaver County is 30,000,000, and of Lawrence County 7,000,000 ane a 

7 Total production of field to Dec. 31, 1934 trom company records. ‘ 

8 Total for Pennsylvania to Dec. 31, 1934. 

9 As City rabies 

16 Figure probably is large. Two classes of estimate are included. lll figures with index number 2 represent 
measured on the oil and gas fields maps of western Pennsylvania published by the Pennsylvania Geological urvey in 1932 
the remaining figures represent estimates submitted by individuals or companies operating in the respective areas. The map 
figures are in many instances known to be excessive. 
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repressuring in the area south of Bradford and (2) ‘“‘deep”’ tests of 
the Oriskany sand. A 
Progress in Adaptation of Secondary Recovery Practice:—An increasing 
interest in the possibilities of water-flooding in the area south of Bradford 
was indicated by attempts to purchase unimproved acreage for experi- 
; mental flooding and to take options on acreage for core-drill tests. Some 
acreage was purchased and some new flooding tests were begun during 
the year. An experimental water-flood test in the Clarendon sand, 
Warren County, has indicated a locally favorable result. The locality 
was carefully selected and it is not considered that the expectation of 
comparable results in all parts of the field is justified. 
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Total Gas Production, Millions Cu. Ft. Number of Oil and/or Gas Wells 
During 1934 At End of 1984 

» | To End of | During __|Maximum) Com- % 

7) 1933 During} Daily pleted D> Ee 
| Be ty 1934 | during | to End 3 3 a 5 0 p, Rs ay Ey 
= 1934 | of 1934 | %& eel 6a | aq | 621-68 ‘S 

a S ae Ele) 33 ss te) 

2 gs | 8 | 82 | 83 | Bal BB | Se 
a Ss) = Be eke oo lhe eS 

1 105,crz 2,638 y y y y y y 1,54914 y 46244 | 2,011" 

2 167,272 7,059 y y y y y y 26114 y| 2,14414 2,40514 

3 4,an2 188 58 y 1,92212 713] Qy38 y TTy y 30 80y 

4rz 

4 44,200 1,675 y y y y y 0 5,48414 y 4204 | 5,90414 

5 149, crx 8,040} 8,186 y y y y y 2,387 y| 3,9yy 6,2yy 

6 y 2y y y 8yy y y 8yy 

7 70,222 3,909 | 3,652 y y y y lyy'3 lyy y| 1,8yy 14yy 

8 bax 6 y y y y y y 5314 5314 

9 30,202 1,388 nf), y y y 7] y y 17814 1784 
10 13,222 545 y y y 15 55 y 1,491 1,491 
11 197,crz 9,833 y y y y y y 75414 y| 1,63914 2,39314 
12 45,2027 1,181) 1,500 6 450 4 20 y 250 250 
13 119,222 6,147| 8,647 y y y y y l6z| 2,28y 2,442 
14 1,622 16 20 y 1,82212 103 | 1y!8 y Tyy y 15 Tyy 

lrx 

15 ol, crx 2,957 | 2,626 y y y y y| 1,762 
16 y 2,255 y y 32,22x | 1,366 y y 31 ,crx 3l,crxr 
17 4,20x 112 y y y y y 38114 y 8214 
18 24,0200 3,546 y y y 33 y y 25114 1,031 1,282 
19 797 18 62 3 2 1 2 2 
20 4487 0 448 2 7 5 1 6 6 
21 y y y y 2 2 1 y y 
22 0 0 0 0 1 1 
23 19,2187 3,408 | 15,361 65 30 22 1 29 29 
24 3,202 2,066 y y ly 3 3 
25 24,9137 7,899 | 10,258 y 44 3 3 41 41 
26 low y 52 52 
27 56,222 2,272 | 1,894 y y 5y y y 24,4284 y 85y 25,27y14 
28 11,crz 478 y 3 y y y y 6,3884 6,69914 
29 y 3 1,198 y y y 621 147 164 932 
30 155,222 6,616 y y y y y y 1,746" y g1i4 | 2,657" 
31 82,arr 2,859 y y y y y y y 70714 70714 
32 | 5,407,1494 | 71,528 y y 20z,2x02 | 1,554 y y 80,54814 16,4604 | 97,0084 


See ee er oe ha donij9aa. 

10 Hstimated total for 1920-1933. Pennsylvania Bureau of Statistics figures by counties 1920-1927 and 1931-1933. 
Production 1928-1930 interpolated. ; , 

11 Total gas marketed 1882-1933. Production in cubic feet recorded 1906-1933 is 3,096,083 M.M. From 1882 to 1905 
production was recorded in terms of value in dollars. ‘Arnold and Kemnitzer estimate volume 1882-1900 as 1,611,066 M.M. 
cu. ft. We estimate volume 1901-1905 as 700 M.M.M. The amount of gas wasted in the early days of the Pennsylvania 
fields can hardly be estimated but it probably is as great as the amount marketed. 

12 Upper figures apply to oil, lower to gas. 

13 Apply to oil only. is 

44 Figure is for 1933 from Pennsylvania Bureau of Statistics. 
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Water-flooding has been attempted in scattered localities in the 
Venango sands but to date the practice has not been successful. In at 
least two instances sand conditions were studied and the tests carefully 
conducted, but water broke through without appreciable increase in oil 
recovery. In most other instances tests were less efficient, either from 
the standpoint of equipment or operation, and the results are less con- 
clusive. There is now considerable interest in the deeper sands and it is 
expected that some deeper drilling and further testing will be done 
during 1935. 
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Gas, Approx. 
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8 y y y y y y y 
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12 ll 
5 oe y y y | 465 | 404 y y|P y y 
16 1.540 | 1,500 All W 600 30 y | 485 | 484] y| 014] P| 1,150] 25 
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i e220 6.208 : y . y y y y|P v of 
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Baa | $9 218) | sao | 18 ‘| 3 
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25 | 4.0! 1,650 9 
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16 Number of wells producing by air or gas repressuring. 
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Although water-flooding has not yet been proved effective in the 
middle or ‘broken sand” district, these sands have responded rather 
favorably to air and gas repressuring at some localities and repressuring 
practice was considerably extended in this district during 1934. 

Oriskany Sand Gas Fields of Northern Pennsylvania and Exploratory 
“Deep” Sand Developments.—Since the discovery of gas wells of large 
volume in the Oriskany sand of Tioga County in 1930, and in Potter 
County in 1931, there has been a live interest in the possibilities of the 
“deep”? sand zones. Six Oriskany fields have been discovered in Pennsy]- 
vania, one in Tioga County and 5 in Potter County. 
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| Producing Rock = Deepest Zone Tested to End of 1934 
aS 
a2 
SS [S} 
8 2 Foland 
3 Name ger 5 $ cE < 5 Bis Name Hike Ft. 
o 
wey ; as) 
E a | £ jsfe| 2 | 222 
1 | Fig. 1 MissL § 18.0 | 22 | AMC = y 5,575 
DevU 
2 | Fig. 1 MissL § y y |AMC z y y 
DevU 
3 | Text MissL s 18.0 | 102|SAML] 1,cxz!2} Chemung 3,200 
DevU 40 4a : 
4 | Text Missl s 12 to | 25 to | AMC z | Oriskany 4,857 
DevU 15 | 35 
5 | Fig. 1 MissL § 13 | 14 | AMC £ y y 
DevU 
6 | Venango 3d ae S, egl. | 10 - 40 | MLC z | Queenston Sh 4,619 
ev 5 
7 | Kane (Fig. 1) DevU s 12.0} 38 |AMC az | Queenston Sh 7,930 
8 | Text DevU S&H y y | AMC az | Trenton ‘ : 4,450 
9 | Fig. 1 MissL iS) y y |AMC z | 5,070 ft. below Big Injun | 6,020 
j DevU ’ 
10 | Text DevU 8 17.0) 20 | AMC g | Salina 5,252 
11 | Fig. 1 Fe a § 19.0} 20 |AMC x y y 
ev 
12 | Fig. 1 MissL iS) y | 22 | AMC 450 2 7,002 
DevM ’ 
13 | Fig. 1 MissL Ss y y | AMC g | Salina 8,220 
DevU 
14 | Text MissI, iS) 16.5 | 2012 | AMC ae Helderberg? 4,767 
‘ 40 ta ’ 
Fig. 1 DevU Ss 16 20 | AMC 1,398 Medina (Red) 5,820 
6 Bradford 3d DevU s 12.5] 40 |A y | Medina (Red) 5,820 
17 | Fig. 1 MissL 8 15.0 {14.0 | AMC g | Oriskany 3,225 
et &U § AMC x | Salina 5,561 
19 Ree Dev § 20 A 0 | 150 ft. below Oriskany 6,437 
20 | Oriskany DevL S y a | AF 1 | Oriskany 5,160 
21 | Oriskany Devi S y a |AF 1 | Oriskany 4,850 
22 | Oriskany DevL s y x |AF 0 | Oriskany 4,750 
23 | Oriskany DevL § 9tol10} 15 | AF 12 | Salina 5,561 
24 | Text DevU § y| ly ly ly | Portage 4,596 
25 | Oriskany DevL 5 A is 4to12| 50 | AF 40 | Vernon Sh F oo 
b DevU y x 
pe oan: MissL, S, Cgl. | 4 to | 10 to MLC z | Queenston Sh 4,619 
DevU 25 40 
28 | Text DevU S, Cgl.| 4 to ag . AMC z | Queenston Sh 5,818 
25 
S 40 55.0 | Niagara Ls , 5,288 
om ae ee i) 18.5 | 22 | AMC z | 978 ft. below Oriskany 7,248 
Y - 
31 | Fig. 1 Mead NS) y y | AMC gz | Salina 7,756 
DevL & U 
32 Pen to DevL 4a,cxz2 | Trenton 
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The volume of gas marketed from the Farmington and Hebron fields, 
the discovery fields of Tioga and Potter counties, increased substantially 
in 1934. There was little drilling activity in Farmington field, but in 
Hebron field 22 wells were completed, 19 of which were successful, and 


Taste 2.—Summary of Drilling Operations and Production 
in Pennsylvania, 1934 


Depth, Ft. Production, Bbl. 
Initial 
Fields As 
jeted | Dry | ‘Gas Oil Tota 
eer Total (A 
‘Bradiord cee. eee 211,336)" 0 1 1,335 | 2,316| 1.77} 11,897,700 
Venango-Clarion............- 79| 6 9 64 63| 0.99} 2,405,850 _ 
Butler-Armstrong............ 25| 6 3 16 372.31 
Southwest Pennsylvania...... 114} 24 48 42| 782|18.62 960,400 
Total ee concn Cab ecg rere 1,554 | 36 61 | 1,457) 3,243 | 2.22) 15,263,950 


3 of which got salt water. The total initial rating of the 19 new wells 
is about 277 million cubic feet. Developments of the year extended the 
proven area of Hebron field about 214 miles to the southwest along 
the axis of the dome and showed that several isolated wells 5 miles along 
the axis to the northeast in the vicinity of Ellisburg are separated from 
Hebron field by salt water. 

Eight exploratory wells were drilled to the Oriskany (Table 3). 
Only one of these, the Andrew Schofield No. 1, in Harrison township, 
northeast Potter County, was successful in indicating a new field. The 
McKean and Cameron County wells and a well in eastern Potter County 
found no sand present at the Oriskany horizon. The Lawrence and 
Butler County wells are 30 miles from the nearest Oriskany well in 
Pennsylvania. The Butler County well reported a show of oil and gas, 
the other nothing in the Oriskany sand. 

An interest, as yet passive, has developed in the “‘deep” sand possi- 
bilities of northwestern Pennsylvania. Consideration is prompted by 
the presence of Oriskany gas fields in northern Pennsylvania and of 
Oriskany and Medina gas fields in New York, by the discovery of oil 
in the Oriskany in West Virginia, and by the stratigraphic favorability 
which the area offers for exploration of the “deep” sands. A number 
of wells, widely scattered, none of which are recent, have shown the 
presence of capable sand at the Oriskany and Medina horizons but none 


have been commercially productive. The presence of closed structure 
has not been demonstrated. 
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TABLE 3.—Deep Wells Drilled in Oriskany Sand of Northern 
Pennsylvania in 1934 


Well County Township Depth 0 riskany, D hee Result 
Andrew Schofield No. 1....] Potter Harrison 4745 4754 18 mil. 
W. B. Bennett No. 1....... Potter Ulysses 5231-? 5552 Dry 
Geo. Doty Nov last. ..6... Potter Hector Onon. 5492 no sand 5658 Dry 
C. Campbell No. 1......... Bradford | Ridgebury 4455-92 4512 Dry 
M. Zerby No. 1..........- McKean _ | Liberty Onon. 4705 no sand 5153 Dry 
show gas 4847 

Emporium First Nat. Bank | Cameron | Shippen Onon. 4865 no sand 4992 Dry 

No. 1. 
J. Scott Munnell No. 1..... Lawrence | Slippery Rock 4635 4767 
Lehigh Portland Cement) Butler Muddy Creek |. 4809 Dr. 4888 | Show oil 

Co. No. 1. 1-30-35 and gas 


ee ee 
O1L RESERVE 


An estimate of the potential oil reserve and of the oil recoverable 
by present methods was made by the Pennsylvania Grade Crude Oil 
Association for the Cole Congressional Oil Investigating Committee. 
In making this estimate the Pennsylvania industry pooled its entire 
resources in data and experience. The result is meant to be a conserva- 
tive estimate and is believed to be as authoritative as any estimate on 
Pennsylvania could be at this time. 

As the data on which to base an estimate are much more abundant 
in Bradford field than elsewhere, the producing area was divided for 
consideration into two districts: (1) Bradford field and (2) the remainder 
of the state. 


Bradford Field (Pennsylvania) 


Oil in Place before Water-flooding.—A great deal of core drilling has 
been done in Bradford field in the past 10 years and very detailed core 
records have been kept. Practically all of these records were made 
available. The wells that were cored are scattered throughout all parts 
of the field and it is possible, therefore, by grouping core records to divide 
the field into zones according to the barrels per acre value shown by core 
analysis and to measure the area of the zones by the planimeter. 

Using the formula, acres X barrels per acre = barrels of oil in 
place, the result is as shown in Table 4. Note that this estimate refers 
to the oil content of the sand after production by usual methods, but 
before water-flooding. It antedates the present in that part of the 
above acreage has now been water-flooded and part is in process of 
being water-flooded. 

Reserves Considered Recoverable by Present Commercial Practice.—To 
arrive at the figures listed in Table 5, the areas considered as watered 
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out and the areas being flooded were outlined on the “zoned” map from . 
which Table 4 was prepared. A planimeter was then used to determine 


Taste 4.—EHstimate of Oil in Place after First Drilling and 
_ before Water-flooding 


Acres Barrels per Acre Barrels in Place 
795 8,000 6,360,000 
8,820 9,000 79,380,000 
20,422 10,000—11,000 214,431,000 
26,031 12,000—14,000 338,403,000 
19,200 15,000—16,000 297,600,000 
75,268 12,200 (weighted 936,174,000 

average) 


the number of acres that remain to be flooded in each zone or class of 
acreage, with the results shown in Table 5. 


TaBLE 5.—Estimate of Oil Content of Unflooded Area January 1, 1934 


bacaiteete rears for Class of Acreage, Bbl. per Acre Oil aay pers ty 
532 8,000 4,256,000 
8,140 9,000 73,260,000 
20,422 10,000—11,000 214,431,000 
20,971 12,000—14,000 272,623,000 
12,141 15,000—16,000 188,185,000 
62,206 12,000 752,755,000 


Flooding practice to date has recovered about 40 per cent of the oil 
contained in the sand. Using this factor, the amount of oil recoverable 
from the 62,206 undeveloped acres by the use of present flooding methods 
is 301,102,000 bbl. To this must be added the recoverable oil remaining 
in areas now undergoing flood. This is estimated to be equivalent to 
1500 acres at a weighted average recovery of 2033 bbl. per acre, or 
3,050,000 bbl. This indicates a probable total of 304,152,000 bbl. of 
oil in Bradford field (Pennsylvania) Jan. 1, 1934, recoverable by present 
commercial practice. 

To Jan. 1, 1934, Bradford field (Pa.) had produced about 292,176,- 
825 bbl., and was still capable of producing 304,152,000 bbl. by present 
methods, after which something like 459,500,000 bbl. would still be 
retained in the reservoir. For the year 1934 this field ranked fourteenth 
among the fields of the United States in barrels of crude produced; it 
ranks eighth since discovery. 


ee —— 
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Pennsylvania Exclusive of Bradford Field 


Throughout the rest of Pennsylvania’s oil-producing area sufficient 
cores have not been taken to permit zoning, as was done in Bradford 
field. Conclusions, therefore, had to be arrived at by a study of statis- 
tical data, well records, decline curves, past production records and all 
other information that could be supplied by men acquainted with the 
numerous districts. 

An estimate was arrived at as follows: The figure 877,401,565 bbl. was 
accepted as the production of Pennsylvania from 1859 to Jan. 1, 1934. Of 
this, Bradford field produced 292,176,825 bbl., leaving 585,224,740 bbl. as 
representing oil produced in Pennsylvania outside of Bradford field. 
The productive oil acreage of Pennsylvania exclusive of Bradford field, 
as determined by planimeter measurement of an oil and gas fields map 
published by the State Survey in 1920, is 556,992 acres. Using this 
figure the recovery to date has been 1050 bbl. per acre. It was felt that 
the acreage figure used might be 15 per cent high but that the recovery 
might safely be assumed to have been 1050 bbl. per acre. 

It was assumed that the pay sands in fields other than Bradford 
field would average 8 ft. in thickness, have a porosity of 13 per cent and 
show 60 per cent saturation. This would give an original oil content of 
4845 bbl. per acre with 3795 bbl. per acre remaining in the reservoir. 
By reducing the acreage figure the suggested 15 per cent to 473,444, and 
using 3795 bbl. per acre, the figure 1,796,719,980. bbl. is obtained as 
representing barrels of oil in place. 

It was further assumed that future recovery by secondary methods 
may equal 70 per cent of former recovery in this area, or 735 bbls. per acre. 
That is, that 347,981,340 (473,444 x 735) bbl. of recoverable oil remain 
to be produced in Pennsylvania outside of Bradford field. 


Total Reserves in Pennsylvania 


The above figures indicate a total reserve (oil in place) of 2,549,474,- 
980 bbl., of which 652,133,340 bbl. is recoverable, and 1,897,341,640 bbl. 
is unrecoverable by present methods. 


Tur OIL AND GAS SANDS 


With the exception of Bradford field little pertinent information 
on the sands of Pennsylvania is available. Intensive research, however, 
is well under way in the northern and north-central fields and some work 
has been done in the southern districts. As the life of the Pennsylvania 
industry may soon demand a lower production cost for crude, which 
probably means finding out what secondary methods of increasing 
recovery are adapted to the varying sand conditions, sand research 
promises to be an outstanding feature of Pennsylvania activities in the 


immediate future. 
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In Fig. 1 the succession of sands is shown and the productive range 


for each county is indicated graphically. 


It is recognized that the sands 


of the southern and northern fields may not lend themselves to single- 


GROUP |GENERALIZED 
SUCCESSION OF SANDS IN 
SYSTEM OR INTERVAL STRATIGRAPHIC NAME : 
FORMATION FEET ISOUTHERN AND SOUTH-CENTRAL FIELDS 
PITTSBURGH COAL 2 
LOWER CONNELLSVILLE SANDSTONE | MURPHY STRAY 
CONEMAUGH MORGANTOWN SANDSTONE MURPHY 
= SALTSBURG SANDSTONE LITTLE DUNKARD, Ist COW RUN 
S MAHONING SANDSTONE BIG DUNKARD, HURRY UP 
s UPPER FREEPORT COAL 
> FREEPORT SANDSTONE UPPER GAS, 2no COW RUN 
3 | ALLEGHENY KITTANNING SANDSTONE MIDDLE GAS 
w VANPORT LIMESTONE 
CLARION SANDSTONE LOWER GAS 
HOMEWOOD SANDSTONE FIRST SALT 
CONNOQUENESSING SANDSTONE ‘| SECOND SALT . 
SHARON (OLEAN) CONGLOMERATE | THIRD SALT 
1100 MAXTON 
MAUCH CHUNK 1160 GREENBRIER LIMESTONE LITTLE LIME, SALVATION 
_ PENCIL CAVE (RED SHALE) 
= 1180 LOYALHANNA LIMESTONE BIG LIME, MOUNTAIN LIMESTONE, KENNER 
& 1220 BURGOON SANDSTONE BIG INJUN, MOUNTAIN SAND 
a 3 PATTON RED SHALE 
2B | Pocono SQUAW 
2 PAPOOSE 
CORRY SAN! IN’ 
1775 BEREA sanosrone {SORRY SA STONE | BEREA,3R> MOUNTAIN SAND 
cE fl Noses eon 1810 MURRYSVILLE, BUTLER-30-FOOT 
1875 HUNDRED ~FOOT, GANTZ-50-FOOT 
RATS 1970 THIRTY- FOOT, NINEVEH 30-FOOT 
2045 SNEE 
2080 GORDON STRAY 
2200 | , GORDON 
z 2235 FOURTH 
> 2280 FIFTH, McDONALD 
$ 2350 SIXTH, BAYARD 
a 2475 ELIZABETH 
ac 
Ww 
a 
a 
a} 
[=] 
2 CHEMUNG 3125 SPEECHLEY 
Hi 3360 BALLTOWN SANDS 
all 
a 
2 3800 BRADFORD GROUP 
4000 KANE GROUP 
4200 ELK SANOS 
PORTAGE 
T 
Roe ae 6530 ONONDAGA(CORNIFEROUS LIMESTONE) | ONONDAGA LIME 
L.DEV. | ORISKANY 6550 ORISKANY SANDSTONE ORISKANY 
7800 MEDINA SANDSTONE MEDINA (CLINTON OF OHIO) 
MEDINA 
TRENTON 9300 TRENTON 
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column presentation. Much intensive study of subsurface geology 
remains to be done before reasonably accurate correlation can be made 


between the sands of the northern and southern areas. 


The chart 


S. H. CATHCART 375 


therefore pretends to show only approximate relative position between 
the two sand columns. Fig. 1 differs from previously published charts 
chiefly in the equivalence shown for the northern region. The changes 


SUCCESSION OF SANDS IN NORTHERN AND 
NORTH-CENTRAL PENNSYLVANIA FIELDS PRODUCING RANGE, BY COUNTIES 


SYSTEM 


* ACTUAL CORRELATION OF SANDS IN SOUTHERN FIELDS 
WITH SANDS IN NORTHERN FIELDS IS NOT INTENDED, 
APPROXIMATE RELATIVE POSITION ONLY 1S INDICATED. 


STRATIGRAPHIC EQUIVALENTS OF VENANGO SANDS AFTER 
K.E. CASTER, ALSO C.R.FETTKE 


BRADFORD FIELD SANDS AND EQUIVALENTS AFTER 
C.R.FETTKE. 


** VERTICAL LINE INDICATES HORIZON RANGE WITHIN WHICH 
SAND OR SANDS ARE BELIEVED TO FALL 


GREENE 
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Fie. 1.—(Continued.) 


are based upon stratigraphic work in northwest Pennsylvania and south- 
west New York by K. C. Caster and upon subsurface work of C. R. Fettke 
in the Bradford and adjacent region. Needless to say, finality is not 
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implied in all instances. The productive oil and gas areas, and in a 
general way the areal distribution of sands, are shown in Fig. 2. 

The following notes on the producing sands of certain counties repre- 
sent statements submitted by contributors to Table 1, which are not 
adaptable to presentation in the table. 

Beaver and Lawrence Counties.—The principal gas-producing sand is 
the Berea. Some gas has been produced locally from the Big Injun, 
Hundred-foot and Boulder sands. The principal oil-producing sands are 
the Berea in Lawrence County and the Berea and Hundred-foot in 
Beaver County. : 

Butler County.—Table 6 lists the producing sands, their depth, 
porosity and thickness. 


TaBLE 6.—Producing Sands in Butler County 


Average Depth, Ft. : 
‘Producing Sands ———— ee | LONE ee eds Thickness, Ft. 
Top Bottom 

Bereateean ec teaa ton cor Pre ee LOOO 1100 ss 12 
Hundred foots bo Rea cr cane: 1200 1400 ss 12 75-100 
Third iki nt eee ee 1500 1600 ss 15 15— 20 
Pourthy aclsues, cherie. aes 1550 1650 ss 15 15— 20 
See. pe aoe chee Someleiak wees 2000 2100 ss 12 15 
Speechley +58 seh. ee sth eels 2300 2400 ss 12 25- 35 


Erie County.—Gas is obtained in small amounts along the shore of 
Lake Erie from shale and included thin sandstones in the Portage and 
perhaps the Genesee formations. 

Forest County.—Probably one-third of the oil produced in Forest 
County comes from the Balltown (‘‘Second”’) sand, which lies about 
1450 ft. below the top of the Corry (Berea) sandstone. The Balltown 
producing area is in the northeast part of the county and is defined 
roughly as the area between Kellettville, Henrys Mills and Watson 
Farm. The next most important sand is the Cooper, which lies about 
258 ft. below the top of the Balltown, and is thought to be about the 
equivalent of the Second Bradford. It produces both oil and gas. The 
Cooper sand producing area is somewhat less than the Balltown area, 
extending between Minister, Henrys Mills and Watson Farm. 

Near Marienville, in the southeast part of the county, gas and a 
little oil are produced from the Clarion, a sand of the Venango series, at 
800 ft. In the western part of the county, from Tionesta north to the 
county line, oil production is from the 1st, 2d and 3d Venango sands. 
South of Tionesta andsalong the Clarion County line, oil is obtained from 
the Clarion and gas from the Speechley sand. Around Endeavor and 
Whig Hill the Queen sand (Glade of Warren County) yields gas. 
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Somerset County—According to G. B. Richardson, most of the 
production of Texas School field comes from a sand near the middle of 
the Catskill. This field, a discovery of 1930, lies well east of the principal 
gas belt. Several wells had initial volumes of about a million cubic feet 
and further drilling in the region is reported to be planned for 1935. 
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Fig. 2.—LocATION OF OIL AND GAS FIELDS IN PENNSYLVANIA. 


Venango County.—Producing sands are the Venango lst, 2d, 3d and 
4th, the Red Valley, Salt and Speechley. The reservoir rocks range from 
fine sandstone to coarse conglomerate; thickness varies between 10 and 
40 ft. and porosity between 4 and 25 per cent. 

Warren County—Production is from the Venango 1st, 2d, 3d, 4th, 
Clarendon, Glade, Cooper and Balltown sands. The Venango Ist and 
2d sands are 10 to 20 ft. thick, the Venango 3d averages about 30 ft., 
the Clarendon 18 ft., and the Cooper, Glade and Balltown 10to30ft. In 
texture the reservoir rocks range from fine sandstone to conglomerate 
and vary in porosity between A and 25 per cent. 
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Oi AND Gas PrRopucTION STATISTICS 


The oil and gas production table for Pennsylvania is notably 
incomplete. Pennsylvania’s “fields” antedate the day of systematic 
development and record, and in consequence many of the desired data 
on early operations never were collected or now are hopelessly lost. 
Moreover, much of Pennsylvania’s oil and: gas acreage does not lend 
itself to discussion by fields. Most of the proven acreage occurs in large 
continuous areas; definitely circumscribed producing areas such as 
Bradford are exceptional. Since 1921 the Bureau of Statistics, Depart- 
ment of Internal Affairs, has reported annually the oil and gas production 
and the number of active oil and gas wells by counties. The number of 
wells connected to, and the number disconnected from, gathering systems 
is reported but no record is kept of new and abandoned wells as such 
in each county. 

The only other agencies reporting Pennsylvania production and 
drilling use even larger units, such as southwest Pennsylvania, Kane to 
Butler, Butler-Armstrong, Venango-Clarion, etc., the only specific field 
mentioned being Bradford and in many instances Bradford, Pennsylvania, 
figures are not separated from Bradford, New York, figures. Thismethod 
of reporting in large units or without consideration of field or political 
boundaries was common practice in the early days and has with few | 
exceptions been constant practice. It is practically impossible to adapt 
many of the old figures, and many of the recent, too, for that matter, to 
even the compromise set-up that is used here in Table 1, a circumstance 
that will explain the many liberties taken in compiling that table. 
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Petroleum in the Central Texas Area during 1934 


By R. B. Kruiy* anp Pau R. Martin{ 
(New York Meeting, February, 1935) 


THE area comprising what is geographically termed ‘‘Central Texas”’ 
was somewhat less active in 1934 than in 1933. The year saw the comple- 
tion of 182 dry holes and only 74 producing wells. Bexar, Williamson and 
Bastrop counties, with active fields such as Yturri-Southton, Byersville, 
North Dale and Cedar Creek contributed a majority of the new oil wells. 
Hilbig, in Bastrop County, 1933’s most important discovery in the district, 
saw no development during the current year. New fields opened in 1934 
were Byersville, a serpentine intrusion in Williamson County, and Manda, 
producing from similar material in Travis County. Like most of the 
other serpentine plugs, neither gives promise of covering a very large area. 
Other active counties were Bexar, Bastrop and Caldwell, although suc- 
cessful operations in each of them were limited to the old fields. The 
location of producing fields is shown on Fig. 1. 


New FIe.ps 3 


Byersville—Late in 1933, Fritz Fuchs completed Zeischang No. 1, 
eight miles south of Taylor, Williamson County, for an initial production 
of 25 bbl. per day. The oil is 37° Bé. A.P.I. gravity and is from Serpen- 
tine formation at approximately 900 ft. Additional drilling was carried 
on in 1934, and at the end of the year 18 producing wells had been com- 
pleted, proving about 200 acres. 

Manda.—The Manda field, or Kimbro field as it is termed by some, 
received its first production Sept. 10, 1934, when the Humble Oil & Refin- 
ing Co. completed No. 1 C. J. Peterson as an 8-bbl. oil well. The new 
field is near Littig, in eastern Travis County, and is about 15 miles north- 
east of Austin. Production is found in serpentine formation between 
650 and 750 ft. The same company’s No. 1 Buck Christian, second well 
in the field, flowed 190 bbl. per day through a 7%-in choke. Although only 
a small area has been definitely proven it is expected that present drilling 
will provide extensions in several directions. 


Manuscript received at the office of the Institute Feb. 20, 1935. 
* Assistant Manager, Texas Producing Division, The Pure Oil Co., Forth Worth, 
Texas. : 
+ Chief Scout, Texas Producing Division, The Pure Oil Co. 
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Fia. 1.—LocatTION OF PRODUCING OIL AND GAS FIELDS IN CENTRAL TEXAS ARBA. 
1. Corsicana, 20. Adams. 39. Manford. 

2. Mildred (Elm Ridge). 21. Richland. 40. Schimmel-Batts. 
3. South Bosque. 22. Woodbine area—shallow. 41. Dunlap. 

4. Somerset. 23. Bains Creek. 42. Branyon. 

5. Gas Ridge. 24. Taylor. 43. Chicon Lake. 

6. Witherspoon-McKie. 25. Lytton Springs. 44. Marlin. 

7. Thrall. 26. Wortham. 45. Carroll. 

8. Angus-Edens-Hodge. 27. Chittam. 46. North Dale. 

9. Burke. 28. Dale. 47. Hilbig. 
10. Alta Vista. 29. Eekert. 48. Cedar Creek. 
11. Rice-oil Ridge. 30. Salt Flat. 49. Byersville. 
12. Mexia. 31. Larremore. 50. Manda. 
13. Minerva-Rockdale. 32. Yost. Depleted Fields 
14. Luling. 33. Lytton Springs town site. 51. Chatfield. 
15. Yturri-Southton. 34. Cow Hill. 52. Mission. 
16. Chilton. 35. Darst Creek. 53. Kosse. 
17. Currie. 36. Buchanan. 54. Nigger Creek. 
18. Ina. 37. Chapman. 55. Cedar Creek. 
19. Powell. 38. Cooksey 56. Ottine. 
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PEARSALL PROSPECT 


In Frio County, 9 miles southwest of Pearsall, a gas well was com- 
pleted by the Amerada Petroleum Corporation, showing an estimated 
two million cubic feet with a rock pressure of 1500 Ib. The producing 
formation has been correlated as Edwards limestone. This was the 
second well drilled by the Amerada in the area and a third test is now shut 
down at 3908 ft. after plugging back from the Trinity sand at 10,050 ft. 
The lower formation was nonproductive and casing was ripped opposite 
the Navarro. At 3950 ft. the well produced oil, gas and salt water. It 
is probable that further drilling on this structure may result in opening a 
commercial field. 


TRINITY SAND 


Deeper drilling in 1934 resulted in completion of two important 
tests, in the fault line, neither of which found commercial production. 
The Trinity sand, long considered the possible source of additional oil at 
Mexia and Powell, was tested during the year. Wheelock & Collins, 
I. N. Cerf No. 1, in Navarro County, was abandoned at 6506 ft. without 
favorable showings, and Peyton Bros. Stubenrauch No. 1, in Limestone 
County, failed to secure more than a good gas show after drilling to 
6116 ft. These tests, together with Amerada Petroleum Corporation’s 
Halff and Oppenheimer No. 2, in Frio County, were the only Trinity sand 
tests during the year. Although all were failures, many operators are 
still confident that the horizon will become a major factor in Texas 
production in a few years. 


Or RECOVERY 


Total production from the Central Texas area, birthplace of the oil 
industry in Texas, during the past 38 years has been 414,442,000 bbl. 
Oddly enough more than half of this amount has been produced within a 
radius of 35 miles of the “discovery field” at Corsicana. Approximately 
242,000,000 bbl. has been recovered to date from sands of the Woodbine 
formation and about 15,000,000 bbl. from shallow sands in the Upper 
Cretaceous, principally the Nacatoch. During 1934 the Woodbine sand 
of the fault line fields produced 1,773,000 bbl. and the shallow fields in 
this area produced 85,000 barrels. a 

Second in importance from the standpoint of past yield are the 
Edwards limestone fields of Caldwell and Guadalupe counties. Total 
production to the end of 1934 has been approximately 126,000,000 bbl. 
The current year’s yield from this horizon was slightly more than 7,000,- 
000 bbl., taking first place for the year. 

Serpentine intrusions in Bastrop, Williamson and surrounding coun- 
ties have contributed some 17,000,000 bbl. of oil, of which approximately 
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Tasue 1.—Oil and Gas Production in Central Texas 


Field, County 


Corsicana, Navarro...) 0.1... 5212-2 ne deen cece ec ceeeenetes et 
Mildred: (Elm Ridge), Navarro... <..0 22-2). dees enee oe oe seta ade aed’ 
South- Bosque; Mchennan’. 2 5 > tas teas oe ethene eae 
Somerset, Atascosa, Berar tei n075 Soci, > Steer Lannea ee eae 
Gas Ridge; Bécar., 0c cee. 1. tie fet Salt = cena ae eee ere eae 
‘Witherspoon-MoKie, Navarro). 4... ie = Sane ete ee ie tee ee 
Thrall’ Williamson: 225255. oo ete fe on ons wee tanner tee 
Angus-Edens-Hodge, Navarro..........---2.200202002 sees eeseenees 
Burke, Navarro osetia. un See 0 ote se ae sole ae See eae en 
Alta Nistal "Besar: +) teins ane cit nsec ree aaa eetaa 
Rice-Oil Ridge, of QUART Os cscinn so > 2 Reelin iene Sete ee ee 
Mexia, Limeston 
Minorva-Rockdale, Malaise cise soe i ea oa Se 


GuRrichINGAtTO.K Ses oe Stee roe ene Lanta 6 Soe A oe 
Ina, Medina....... ts eaten Nepean Be ae ee, Ag) Se 
Powell; ‘Navarra. S007. pooes! eae tse pee ee eee 
GAEAR, MA OORT Honea ass a a ap ae ia 
Richlands Navarro. =. 0. 254 Pee oe che eee eee eee 
Woodbine Area—Shallow Field (Powell), Navarro.................. 
Bains Creek; Limestone 2s.22 205.0 0h es fais Se oe ee eee 
eyice, Medina a3ere 5s Boh lc: be in, Ca ee 
eS ba Springs: Caldwell Joc. ton etiee cate ee a ee eee 
ortham, Freestone, Limestone. 


Salt Flat, Caldwell. . 

Larremore, Caldwell. 
Yost, Bastrop....... 
Lytton Springs Tow: 
Cow Hill, Zavalla..... 
Darst Creek, Guadalup 
Buchanan, Caldwell... 
Chapman, Williamson 
Cooksey, Bexar.... . 
Manford, Guadalupe... 
Schimmel-Batts, Bastr 
Dunlap, Caldwell..... 
Branyon, Caldwell 
Chicon Lake, Med 
Marlin-Satin, Falls. . 
Carroll, Bastrop.... 
North Dale, Bastrop 
Hilbig, Bastro 
Cedar ills Wi 


50 


51 | Chatfield2, Navarro................... 
52 | Mission’, Berar. . 

53 | Kosse4, Limestone. 
54 | Nigger Creek5, Limestone 
55 | Cedar Creek®, Limestone. 
56)| Obtine’: Gongaleas: <0. esse iss. sree ee ano 
57 Total... cclhic, Shel). cock ak ae eb Ren 


Chilton: Valles ie tes ene ae er ee ee ae cee , 


10 
48,072 | 4,135 | 52,207 


wo 
Scosco 


/ 


» 
Sastdedecssctotoes 


i) 
is] 
oooo 


BccooSo 


mr 
S 


re 
bo 
eocococoonrcooooooo 


150 


ocooooo 


2,400 
2,500 
5,300 
1,390 
360 
400 
475 
900 
250 
300 
660 
3,920 
4,000 
2,130 
500 

40 
475 
310 650 

2,600 | 109,849,321 
2,000 0 
440| 6,594,750 
750 50,260 
60 0 
30 25,664 
1,360| 7,782,319 
715| 22/395,211 
320 0 
175| 1,185,460 
720| — ‘540,890 
1,195 | 32,103,286 

50| "210.855 

97| 819,293 

50 6,263 

1,000 
1,670 | 32,080,485 

15 155,458 
350| 3,707,385 

50 59,405 

20| 346,726 

50 3, 

25 224/215 
“20 73,913 
575 10, 

10 11,200 

40 10,150 
250| 270,875 
250 510,585 
160 150,500 
200 36,500 

20 440 
150 0 
200 63,000 

10 33,000 


,000 
414,449,022 


ee ee 


1 Austin Chalk producing mgr depleted. 


2 Discovered 1905; depleted 19 

3 Discovered 1912; depleted 1928, 
4 Discovered 1922; depleted 1922. 
5 Discovered 1926: depleted 1931. 
6 Discovered 1927; depleted 1931. 
7 Discovered 1929; depleted 1929. 


De oomI SHOE [ine Number 
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- TasuEe 1.—(Continued) 
oe ee ee ee ee 
Total Oil Production, Bbl. Average Oil Produc- Total Gas Production, Number of Oil 
tion, Bbl. Millions Cu. Ft. and/or Gas Wells 
During 
1934 
Oo. . 
During uring | ae Ba} 8 | To End | During } Durin 
1933 193° | 85 | ss [Ss | SS] otigss| 1933 | tose | gt./gs |e | 8 
a0 | $3. |e |So" g°S|2z |= | 5 
wes) 83 eg E ae a2e| ees |e | 3 
83S | SSAaISSS| 5Q4 As eee |s6 BS 
fa) a Ay Ay = See Sy 
34,675 24,090 66| 1,953 130} 0.25 0 0 0 0 1,280 0 9 
47,180 23,725 65 | 2,321 145] 0.25 0 0 0 0 1,270 0| 54 
8,550 6,570 18 15 5| 0.36 0 0 0 0 123 0} 38 
306,075) 260,775 715 832. 28) 0.92 0 0 0 0 1,046 1 | 124 
4,7 4,220 10 951 63| 0.77 | 8,170 202 170 0.7 120 0 9 
8,030 3,960 11| 2,025 156| 0.26 0 0 0 0 85 0 0 
16,790 19,800 55| 4,956 az) 4,23 0 0 0 0 15 2 0 
13,505 7,200 20) 1,713 95| 0.48 0 0 0 0 205 0 16 
4,645 2,920 8| 1,242 113] 0.62 0 0 0 0 85 0 6 
3,285 2,160 6 336 15| 0.33 0 0 0 0 41 6 6 
10,585 8,760 24| 1,704 142) 0.38 0 0 0 0 95 0 4 
840,600} 781,518] 2,311 | 23,756) 475) 8.11 0 0 0 0 550 0 4 
93,075 80,688 212 775 52| 0.54 0 0 0 0 575 0} 88 
2,343,300] 2,086,495} 6,500 | 28,722 287 | 13.4 0 0 0 0 544 0| 26 
28,8 27,915 78| 1,074 107| 0.82 0 0 0 0 135 .| 20 3 
5,475 2,160 4| 2,259| 452) 4.0 0 0 0 0 3 0 1 
58,500 56,053 159 | 13,925 696| 9.94 0 0 0 0 54 0 0 
5,840 2,300 8 460 31] 0.62 0 0 0 0 31 ny 0 
964,830] 884,491] 2,311] 42,250 939 | 14.01 0 0 0 0 821 0 26° 
0 0 0] 0 11,121 386 360 1.5 46 1 2 
11,680 13,150 37 | 14,988 749 | 12.33 0 0 0 0 107 0 0 
32,120 13,680 38} 1,000 Bie 1.0) 0 0 0 0 1854 | O| 32 
0 0 0 0 0; 0 x 40 38.4] 0.1 5 0 1 
2,920 2,190 6 855 57| 3.0 0 0 0 0 6 0 0 
192,720 161,072 450| 5,722 a\| 2.53 0 0 0 0 295 0 24 
41,400 39,066 124 | 31,322 895] 8.86 0 0 0 0 322 0 0 
0 0 0; 0 3,854.8] 844.5 W924 1 35 5 0 0 
266,450 90,795 255| 6,774 z| 7.08 0 0 0 0 39 1 0 
178,850} 148,349 412 845 85| 3.75 | 2,995 390 350 1 130 6 2 
1,861,500} 1,639,098} 4,500 26,865 895 | 19.65 0 0 0 0 353 0 17 
23,725 14,890 43] 4,217 121| 8.6 0 0 0 0 12 0 1 
39,420 29,795 83} 8,446 a} 10.38 0 0 0 0 12 0 4 
400 183 0.5 125 a} 0.5 0 0 0 0 3 0 0 
0 0 0 0} 0 528.5 99 131.4] 1.4 uf 0 0 
3,212,000] 3,321,976] 9,100 19,210 640 | 35.14 0 0 0 0 261 0 2 
20,805 16,875 45| 2,073 9.0 0 0 0 0 6 0 0 
255,597 178,850 490 | 10,593 5.7 0 0 0 0 110 0 5 
16,425 9,000 25) 1,188 119| 1.78 0 0 0 0 15 0 1. 
19,710 17,898 45 | 17,336 578 | 15.0 0 0 0 0 4 0 0 
1,800 600 0 72 £1) 20 0 0 0 0 3 0 0 
20,075 10,950 20| 8,968 897} 4.0 0 0 0 0 6 1 0 
13,140 10,685 28] 3,696 14.0 0 0 0 0 2 0 0 
1,800 7,300 20 31 0.91 598.7 273.7 61.2) 0.4 25 0 11 
4,400 1,200 09} 1,120 5 0° 0 0 0 0 2 0 1 
1,400 8,750 64 254 32.0 0 0 0 0 2 1 0 
77,286 193,589 555} 1,084 32.65 0 0 0 0 17 5 0 
228,305 282,280 624 | 2,042 52.0 0 0 0 0 12 0 0 
15,000 135,000 200 941 14.29 0 0 0 0 14 8 0 
0 36,500 328 183 18.22 0 0 0 0 18 18 0 
0 440} aol —22{ zl zel oO 0 0 | 0 Oe ed 
Depleted Fields, Arranged Chronologically as to Discovery Date 
0 0 0 0 0| 0 4,750 0 0 0 15 0 0 
0 0 0 315 13;)).0 0 0 0 0 32 0 0 
0 0 0| 3,300 z} 0 0 0 0 0 1 0 0 
0 0 0| 17,640] 1,176} 0 0 0 0 0 75 0 0 
0 0 0| 9,932 993| 0 0 0 0 0 14 0 0 
0 0 0| 1,200 80| 0 0 0 0 0 1 0 0 
11,337,413] 10,669,961 | 30,073 32,018 | 2,235.2| 1,903.1] 8.6 | 9,243 | 74 | 508 


+ Footnotes to column headings and ex 
8 Produced 5 barrels per day first 4 mont! 


9 { well produced first 4 months 
10 No outlet and limited storage, 
11 Includes 55 Woodbine depleted 
12 1 gas well abandoned during 1934. 


of 1934 only. 


wells plugged back and casi 


estimated 120 barrels daily. 


planation of symbols are on page 249, 
hs, then shut in. 


ng ripped to produce shallow oil. 
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TABLE 1.—(Continued) 


Oil Production | Character of Oil 
Number of Oil Average End of Pressure, - Approx. Average during 
and/or Gas Wells Depth, Ft. Methods atRedull Ts panea inrqieees = ne, 
Number Average Gravity 
At End of 1934 of Wells at End of |A.P.I. at 60° F. 
: 
o : 
S ba 2 o ih) 
. reo i = 
@| a8 | #2 | 22) 2] s8 [28 | = lee 8) sizgl 3 | 
BQ | -3a |-36| 3|832|23.,/ 8] 2| SlSE & Be 3O 
2/88] BO | Bolas] seslfssle| &|ASsl a B a wS| 55.1 3 
g| 82 | Se | 88/8 eee |SEs| 2) 8 38/2 /3| 3 | 3] 8 /se|s5| 8 
ce ho eh) Shel ces 2] | Slam| a | S| S| S| Se<|a*\a | 
1 6 260 0 266} 1,260 800 0} 260) 0 0 x z 2|37.1135.9/36.6| 0.3 | P 
2 8 252 0 260) 1,250 740 0] 252) 0 0 z z z 1% | 16 | 0.6 | P 
3 13 37 0 50| 475 450 0 37| 0 0 = z 2/42 |40 |41 0.242 . 
4 60 715 0 775| 2,100 | 1,400 | O| 715) 0 0 z z 39.4/34 (36.4) 1.4 | P 
5 0 13 57 70) 38 0 13] 0 O| 220] 140} 135/23 |21 |22 | 0.4] P 
6 2 40 0 42) 875 825 0 40| 0 0 z z 2/20 {18 |19 | 0.6] P 
x 0 13 0 13} 1,000 700 0 13} 0 0 z x 2|37.6 36.4/37 | 0.3 | P 
8 2 40 0 42) 1,185 740 0 40} 0 0 z z 2|36.5/35 °|36 | 0.6 | P 
9 0 13 0 13| 480 400 0 13) 0 0 x z azj21 {21 |21 0.8 | P 
10 6 12 0 18) 250 220 | 0 12] 0 0 x z 2/386 (34 /35 | 0.3 | P 
11 9 55 0 64] 1,000 960 0 55} 0 0 z z 2)36.4/35.2|/35.7| 0.4 | P 
12 15 270 0 285) 3,085 | 3,000 0 | 270) 0 0 = z 2/36 |34.2/35 0.3] P 
13 16 380 0 396] 1,700 600 0] 380} 0 0 z z 2/40 |36.4/38 | 0.2 | P 
14 10 475 0 485] 2,200 | 2,100 | 0} 475) 0 0 x z zj28 |26 |27 | 0.9) A 
15 17 78 0 95| 800 600 | 0 78) 0 0 E r 2|32.5/31.4|82 | 0.5 | P 
16 0 1 0 1} 1,160 | 1,080 0 1; 0 0 z z 2/32 |31.6/32 | 0.8) P 
17 0 16 0 16| 2,990 | 2,930 0 16] 0 0 z z z\41 |40 |40.2} 0.2 | P 
18 2 11 0 13| 960 0 0 11} 0 0 x z zj19 }19 |19 | O.7) A 
19 15 150 0 165} 3,000 | 2,925 0; 150) 0 0 z z z|38 |36.8/37.2| 0.3 | P 
20 6 0 15 21; 1,000 0 0} 0 0| 400} 175) 120 
21 0 3 0 3] 3,040 | 2,975 0 3] 0 0 z z 2/38 .4/38.4/38.4) 0.3 | P 
22 6 32 0 38] 1,650 | 1,450 0 32) 0 0 zt x 2|34.8/34.1/34.5| 0.4 | P 
23 0 0 2 2) 2,960 | 2,945 0 0} 0 0} 875) 355] 210 
24 0 2 0 2) 400 290 0 2| 0 0 z z zj18 18 {18 | 0.4] P 
25 30 148 0 178} 1,900 | 1,600 0 148} 0 0 z z 2|38.6/37.8/38.1| 0.4 | P 
26 0 14 0 14] 3,050 | 2,990 0 14] 0 0 z z 8. 6/36.2/37.3] 0.2 | P 
27 0 0 3 3} 5,590 | 5,525 0 0} 0 0 | 2,200} 1,350} 1,240 
28 8 28 0 36| 2,250 | 1,915 0 28] 0 0 z = 38.4/36 (37 | 0.2] P 
29 26 84 5 115, ™ 0 84) 0 0} 200} 160) 148/85 /|33 |34 | 0.3] P 
30 18 211 0 229) 2,740 | 2,670 0 211) 0 0 z zr 6 |36 |36 | 0.6| P 
31 0 5 0 5] 1,815 | 1,285 0 5} _0 0 z z 2|23.4/23 123 0.2 | P 
32 0 8 0 8} 1,500 | 1,335 0 8} 0 0 x | ~ 2/28 126 |27 | 0.3] P 
33 0 1 0 1) 1,820 | 1,535 0 1} 40 0 x ec 2|31.5/31.5/31.5) 0.4 | P 
34 0 0 7 800 675 0 0} 0 0} 295) 260) 225 
35 11 248 0 259] 2,700 | 2,650 6 | 242) 0 0 x 2 zj/37 135 |36 0.8 | P 
36 0 5 0 5| 2,075 | 1,750 0 5} 0 0 x z 3 35 (36 | 0.2} P 
37 11 75 0 86} 1,915 | 1,730 0 75) 0 0} 200} 110} 100)/36.7/35.2/36 0.2) P 
38 0 14 0 14} 1,460 | 1,440 0 14) 0 0 a|- +@ 2/34 (32 (33 0.4| P 
39 0 3 0 3} 2,320 | 2,260 0 3} 0 0 z z 2/37.3/36.7|37.3| 0.9 | P 
40 3 0 0 3} 1,900 | 1,400 0 0} 0 0 z x 2/34.8/33.8/34.4) 0.2 | P 
41 0 5 0 5} 2,300 | 2,290 0 5} 0 0 F 3 x 2/37 |35 |36 | 0.6 | P 
42 0 2 0 2} 2,000 | 1,900 0 2} 0 0 E 2 2/38 |36 (37 0.8 | P 
43 0 22 4 26) 15 15 0 9} 3 | G2] 420; 240) 210] * | 17 | vw} o1/P 
44 1 0 0 1) 1,160 } 1,000 0 0} 0 0 z x 2|34.5/33 9134.2] 0.4 | P 
45 0 2 0 2| 2,378 | 2,300 0 2) 0 0 F x z/36 |386 |36 | 0.2 | P 
46 0 17 0 17} 2,160 | 2,025 0 17; 0 0 x r x38 |36 (387 |0.3 | P 
47 0 12 0 12] 2,575 | 2,450 | 12 0} O | G1} 1,240] 1,150] 1,086/37.2/37.2/37.2| 0.2 | P 
48 0 14 0 14} 1,700 | 1,650 0 14) 0 0 x x 2/34 |34 134 0.2) P 
49 0 18 0 18} 900 850 0 18) 0 0 ¥ 2 zj37 (37 = |37 0.2 | P 
50 2 0 0 YA 720 1 1; 0 0 x z zi34 [84 (384 | 0.4] P 
Depleted Fields, Arrainged Chronologically as to Discovery Date 
51 0 0 0 1,020 880 0 0) 0 0) 250 0 0 
52 0 0 0 0} 420 395 | 0 0} 0 0 2 0 0/28 |26 127 | 0.3) P 
53 0 0 0 0| 3,767 x 0 0} 0 0 z 0 0/382 |382 132 0:3} P 
54 0 0 0 0| 2,870 | 2,820 0 0; 0 0 a 0 0/40. 40 |40 | 0.3] P 
55 0 0 0 0} 2,940 | 2,885 0 0} 0 CY) 2 0 0/387 |387 {387 0.3) P 
56 0 0 0 0} 3,780 | 3,765 0 0; 0 0 2 0 0/32 32 132 Or) 
57 303 3,804 93 | 4,200 19 | 3,774] 13 | G3 


18 Gas, bottom 830, top 780; oil, bottom 280, top 230. 
14 Gas, bottom 670, top 655; oil, bottom 790, top 620. 
18 Gas, bottom 495, top 480; oil, shallow, bottom 320 top 240; oil, deep, bottom 810, top 760. 
_ _16 Both light and heavy oil, same horizon, each of paraffin base; heavy, maximum 20, minimum 18, weighted average 19; 
light, maximum 25, minimum 21, weighted average 23. ; we 
1 Shallow, maximum 22, minimum 20, weighted average 21; deep, maximum 36, minimum 34, weighted average 35. 
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TasLe 1.—(Continued) 


ea 


Deepest Zone Tested 


Character Producing Rock 
of Gas 
‘Approx. Average 
during 1934 

s & 
3 Gal. 2 Om Struc- 
8) B.t.u. | Gaso- Name Ages 8) 5 ree turei 
z per line per ul BS as 

g Cu. Ft. | Cu. M. Eyl) te [eat 
. o 
3 Ft 5] & |ze5 

1\ 1,040 1.8 | Nacatoch, Corsicana | CreU | Ss |13-19] 15 | AF, AM 

2| 1,040 1.7 18 reU |Ss |14-20] 16 | AF, AM 

Si 1;225: 2.0 | Basal Walnut CreL | DL Pil 8} AF 

4 z x Taylor, Navarro CreU | SH 22! 30 F 

5] 1,120 0.5 | Taylor sand CreU |  |15-20] 15 A 

6| 1,040 1.6 | Nacatoch sand CreU |Ss |14-19] 13 Af 

7 x 0.8 | Serpentine CreU|P |20-30) = 25 

8} 1,040 2.8 | Nacatoch, Corsicana] CreU | Ss |12-18} 18 | AF, AM 

9} 1,040 & Nacatoch sand CreU | Ss 18) 11 A 
10| (1,135 a Navarro sand CreU 15-20} 23 F 
11| 1,040 1.9 | Nacatoch sand CreU |Ss |12-17) 12 | AF, AM 
12] 1,152 2.5 | Woodbine sand CreU | SH 25| 50 F 
13 z 2.5 | Upper Navarro CreU |S 16| 15 F 
14 955 1.5 | Edwards Ls CreL |L | 5-30) 100 F 
15 c 1.8 | Navarro sand CreU |S 16} 10 F 
16 z 2.1 | Georgetown Ls CreL | LS 23) 5 AF 
17| 1,040 2.5 | Woodbine sand CreU | SH 22) 20 F 
18 x x Escondido sand CreU | SH z| 15 Fr 
19} 1,080 2.5 | Woodbine sand CreU | SH 25) 45 F 
20 999 2.3 | Escondido sand CreU |S z| 20 F 
21} 1,060 2.5 | Woodbine sand CreU | SH 25| 20 F 
22 x z Taylor, Navarro CreU | Ss {14-20} 15 F 
23) 1,040 0.4 | Woodbine sand CreU | SH 20) 15 F 
24 z 1.4 | Taylor sand CreU | SH 15) 15 28 
25| 1,040 1.5 | Serpentine CreU | P 14, « 26 
26) 1,080 2.5 | Woodbine sand CreU | SH 25] 35 F 
27) 1,020 4.6 | Glenrose Ls CreL | L z| 50 A 
28 z 1.5 | Serpentine CreU | P 15) 26 
29) 1,140 1.8 | Navarro CreU |S 16| 16 F 
30 z 2.5 | Edwards Ls CreL | L 30) 30 F 
31| 1,120 1.3. | Edwards Ls CreL |L z| 35 F 
32 z 1.4 | Serpentine CreU |P |15-25) = 25 
33 cf x Serpentine CreU | P 12) « 25 
34} 1,015 0.2 | Escondido sand CreU | SH z| 20 A 
35 2 2.3 20 CreL | L 26} 30 F 
36 x 1.6 | Serpentine CreU | P 12| a 25 
37| 1,025 0.8 | Serpentine CreU | P 20) « 25 
38 2 0.3 | Taylor sand CreU |S 13} 10 F 
39 c 1.5 | Edwards Ls CreL |L 35] 30 F 
40| 1,120 1.5 | Serpentine CreU | P 13) 5.2 25 
41 z 1.5 | Austin chalk CreU | C z| 10 F 
42 z 1.5 | Crevice, Top Austin | CreU | C t) @ F 
43| 1,095 0.5 a1 CreU | 22 13 z 24 
44 z x Buda, Georgetown | CreL | L 20} 20 AF 
45 | 1,025 2.5 | Serpertine CreU | P ae 26 
46 x 1.5 | Serpentine CreU | P This 26 
47| 1,300 1.0 | Serpentine CreU | P 12) « 2 
48) 1,010 0.5 | Serpentine CreU |P |15-25) 2z 26 
49] 1,010 2.0 | Serpentine CreU|P |15-25) = 2 
50 z 0.4 | Serpentine CreU |P {15-25} x 25 

Depleted Fields, Arranged Chronologically as to Disco 

51) 1,110 1.8 | Taylor sand reU | Ss z| 13 A 
52| 1,120 1.3 | Navarro-sand, shale | CreU | SH 18| 25 F 
53 x ca Unknown %)| Slt Crev. 
54 x x Woodbine sand CreU | SH 25| 15 F 
55 z ( Woodbine sand CreU | SH 25 10 F 
56 © Fd Taylor sand CreU | 8 z| 15 F 
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18 Nacatoch, Corsicana, Taylor, and Navarro. 
19 Gas, 9; oil, SH. a / 
20 Taylor Marl, Austin Chalk cavities, and Edwards limestone. 


21 Shallow, Taylor and Navarro; deep, 


22 Shallow, 8; deep, P. 


23 Crev., F 


24 Shallow, D; deep, Intrusion. 


25 Intrusion. 


Serpentine. 


< 
oO 
a 
Lt 
Py. 
A 33 Depth 
Sic Name of ele 
he me 
BBs : 
EEC 
Ze is) 
118 | Woodbine sand 3,408 
300 | Woodbine sand 3,570 
100 | Basal Trinity 1,800 
75 | Trinity sand 5,311 
39 | Glenrose Ls 2,250 
25 | Woodbine sand 3,480 
23 «| Trinity sand 3,290 
65 | Woodbine sand 3,335 
25 | Woodbine sand 3,356 
28 | Trinity sand 4,535 
28 | Woodbine sand 3,086 
143 | Trinity sand 6,116 
42 | Edwards Ls 5,000 
76 | Schist 7,859 
32 | Glenrose Ls 3,850 
23 | Glenrose Ls 2,025 
51 | Woodbine sand 3,300 
33 | Edwards Ls 2,048 
68 | Trinity sand 6,506 
12 | Edwards Ls 2,289 
23 | Glenrose Ls 5,415 
49 | Trinity sand 6,506 
9 | Woodbine sand 3,208 
15 | Edwards Ls 1,285 
44 | Edwards Ls 2,292 
62 | Glenrose Ls 4,825 
8 | Basal Trinity sands | 7,635 
7 | Edwards Ls 2,661 
12 | Edwards Ls 1,590 
36 | Edwards Ls 2,918 
6 | Glenrose Ls 2,150 
8 | Austin chalk 2,066 
12 | Edwards Ls 2,050 
10 | Glenrose Ls 4,709 
20 | Edwards Ls 3,200 
3 | Edwards Ls 2,483 
46 | Edwards Ls 3,236 
7 | Edwards Ls 2,250 
4 | Edwards Ls 2,800 
8 | Austin chalk 2,001 
9 | Edwards Ls 2,420 
8 | Edwards Ls 2,450 
13 | Edwards Ls 1,725 
8 | Glenrose Ls 1,409 
2 | Edwards Ls 2,919 
14 | Edwards Ls 2,950 
5 - | Serpentine 2,715 
8 | Edwards Ls 2,300 
15 | Austin chalk 1,500 
2 | Taylor marls 850 
very Date 
7 | Woodbine sand 3,057 
15 | Glenrose Ls 3,550 
22 | Glenrose Ls 6,050 
35 | Woodbine sand 3,509 
9 | Woodbine sand 3,310 
3 | Edwards Ls 4,281 
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Central Texas 


(Figures in body of tabulation represent number of holes.) 


TasBLE 2.—Summary of Drilling Operat 


ONS in 


Sh SU 


Completed during 1934 


Completed Prior to January 1, 1935 


Dry and/or Near-dry Holes 


Produc- 


£10} 810]0x7q SCHNOCH CHHOnH MOR HRH HOMAA SCNHOHF SONSCO FHDOO CONRAN Wena 9 riper ae 
spe sy | SSONSCH SSSOSS NSCSCSS SOSSSD SCHOOD COSSoD Sooo SoD SeSoSeooe SeSsSeSoo NWSSS 
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1,000,000 bbl. was produced during 1934. All of the recent discoveries 
of importance in the district have been from serpentine plugs, and active 
exploration for additional areas was under way at the close of the year. 

Average daily production from the 3806 oil wells in the Central Texas 
area was 7.9 bbl. during November, 1934. It is interesting to note that 
the average recovery to Jan. 1, 1935, of all producing wells drilled has 
been approximately 45,000 bbl. per well and the average for both produc- 
tive and nonproductive wells has been 30,000 barrels. 


PRORATION OF OIL 


The year 1934 saw even less necessity for proration in Central Texas 
than existed in 1933. Hilbig and Darst Creek were restricted to some 
extent, but Salt Flat was producing within one or two per cent of its 
maximum capacity. ‘Marginal well” allowables were sufficiently high in 
the remaining fields to avoid the necessity of prorating. : 


PRODUCTION 


Improvement in the price of crude oil made possible the reconditioning 
of many wells that had been neglected during the previous three years. 
Wells that had been shut down because of unprofitable operation were 
again pumped, giving employment to many idlemen. Acid treatment of 
lime formations proved highly successful in some areas, particularly 
Luling, although serpentine fields did not respond. As a result of these 
practices and increases in allowables, production from many of the older 
fields showed a marked improvement. It is anticipated that more of the 
300 idle oil wells will be worked over during 1935 and again operated at 
a profit. 

No new casinghead gasoline plants were constructed during the year. 

Drilling in the Central Texas area should increase during 1935, 
and most of this activity will be of a wildcat nature. Search for serpen- 
tine plugs probably will take first importance, with exploration for produc- 
ing fields in the Edwards limestone a close second. Development of the 
Woodbine sand will be carried on in Freestone, Limestone and adjoin- 


ing counties. 
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Development and Production in the East Texas District 


By A. R. Dentson,* Mumper A.I.M.E. 


(New York Meeting, February, 1935) 


Tur area discussed in this report comprises a group of 38 counties 
lying in the northeast corner of Texas. It covers all, and extends beyond, 
the borders of what is commonly described as the East Texas Basin. 
It includes two major oil fields, Van and East Texas; two major gas 
fields, Bethany and Waskom; and a number of fields, both oil and gas, 
of lesser importance. All commercial oil production comes from beds 
of Upper Cretaceous age and almost exclusively from the basal member, 
the Woodbine sand. Gas is produced from both Upper and Lower 
Cretaceous beds with the newer production from the older beds. 


East Texas FIELD 


This field continued as in 1932 and 1933 to dominate the drilling and 
production situation throughout the oil business. A total of 3681 pro- 
ducing wells was completed in this field during 1934. This is an increase 
of 1215 over the 2466 producers completed during 1933. Total wells 


TABLE 1.—Oil and Gas Production in the East Texas District 


Area Proved, Acres Total Oil Production, Bbl. 
f F 
A E 
Field!, County 2 Bd © 
& E = 8 3 as 
eh & Aen oS ro) oS 
4 ae qa = S Ei 2 pe 
3 g8 = 3 = 5 ys a2 
Ra ea alle lee & & r= a A A* 
1] Caddo, Marion.......... 30 980 980 7,497,843 42,602 34,813 82.5 
2| Bethany, Panola........ 16 21,000 | 21,000 
3| Waskom, Harrison...... 10 7,500 7,500 
4| Boggy Creek, Anderson- 
Cherokee, nev. cx cts ot 734 200 200 4,103,940 290,295 218,018 590 
5 | Van, Van Zandt......... 546] 4,385 4,385 | 72,801,204 | 17,225,296 | 14,674,766 | 34,200 
6 | East Texas, Rusk, Gregg, 
Upshur, Smith, Cherokee | 444] 116,000 4,000 | 120,000 | 644,278,235a) 211,586,1182| 176,829,9412| 454,127 
7 | Long Lake, Anderson....| 144 100z| 10,000x) 10,100x 47,107 6,079 41,028 137 
8 | Cayuga, Anderson. | % 2,500) 2,300x} 4,800x 541,138 541,138 3,068 
9} Shell, Leon....... 1 6,000z] 6,000z 
10 | Kittrell, Houston. . % 100 100 40,392 40,392 259 


« Footnotes for column heads and explanation of symbols are on page 249. 
1 The Nacogdoches, Shelbyville and DeBerry fields dropped from the report because the first two are long since exhausted 
and the third was inactive during the year with no wells completed and no production. 


Manuscript received at the office of the Institute April 15, 1935. 
* Geologist, Amerada Petroleum Corporation, Fort Worth, Texas. 
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completed as producers at the end of 1934 were 15,556. The producers 
completed in the East Texas field constitute 29 per cent of all such wells 
completed in the United States during 1934. This compares with 
28 per cent for the year 1933 for the same statistics. The legally allowed 
production for the year 1934 is 156,928,833 bbl., while the total oil 
estimated to be produced, including so-called ‘“hot” oil, is 176,129,941. 
This is a marked decrease from 1933 when 211,586,118 bbl. was esti- 
mated to have been produced legally and otherwise. The daily allowable 
for the field fluctuated from a low of 392,564 in January to a peak of 
505,802 during June, while the average for the year was 429,942. The 
estimated excess production varied from a minimum of 20,000 during 
December to a maximum of 113,000 during October, with the average 
for the year estimated to be in excess of 54,000 bbl. daily. The price of 
oil in this field remained constant during the year at $1 per barrel. 
Producing limits of the field were enlarged during the year to take in 
approximately 4000 additional acres. This was in part due to an exten- 
sion of the eastern and western edges of the field. By use of more careful 
drilling methods on the east side, wells were completed in very thin 
sands, while by very thin penetration of the sand on the west side, oil 
wells were completed above the water level. In addition aslight extension 
was made at the north end of the field beyond limits which formerly were 
considered to mark the edge of production. More than 3500 wells have 
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Average Oil Total Gas Production, A 
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2 97,473) 7,930 | 6,828 23 338 5) 10 156 156 
3 40,776) 1,736 ae i ; ae 2 ; a 81 _ 
20,520 |603.5 28.1 | 6,756) 402 6 F a 
; 16,602 | 62? 76 450 53 156 435 450 
6 | 5,549a|198a 30.12 4 15,556 | 3,681 | 25x Fg 15,515 16 15,531 
a 471z| 7.623| 68.5 5 6 4 2 4 6 
8 2162| 2.803) 93 50 50 156 35 15 50 
9 5 3 2 3 
10 403 | 35 259 3 3 3 3 


2 This figure is for average thickness of Woodbine formation, which includes severa “pay” sands interbedded with thick 


beds of shale and ashy shale. . - n 
eee is Barure " oil production divided by total feet of both oil and gas sand. No data are available to compute this figure 


il sand. : ; Lngaeg’ 
2 Bee arcs gas line serves this field; an average of 300 cu. ft. is produced with each barrel of oil but is used for fuel 
and for casinghead plants. Gas wells at the south end of the field are used by their owners for fuel for drilling and other 


os ee was laid into these fields in December, 1934, and commercial production established early in 1935. 


6 Dry gas wells, for which there is no commercial market. 
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been equipped for artificial lifting but at the close of the year only 1025 
wells were using such equipment; the majority of these were pumping. 
This is an increase of 419 over Jan. 1, 1934, when 606 wells were using 
artificial lift. ‘The number of wells making water increased from 654 


at the first of the year to 950 wells at the close, of which approximately — 


150 are thought to be from sources other than the producing horizon. 
Average bottom-hole pressure fluctuated during the year, falling and 
rising with the change in production rate. The net result for the year 
was a drop of 35 lb., with evidence that it was due for a further slow 
decline during 1935. 


Van FIELD 


Drilling continued in this field with 53 new producers added. This 
brings the total producing wells in the field to 450. Total production 


during 1934 was 14,674,766, a decrease over 1933, when 17,225,296 bbl. 


was produced. Only minor extensions to the Woodbine producing 
area were made but a considerable area was added for shallow production 
beyond the limits of the Woodbine producing territory. 


OTHER AREAS 


The older productive areas in East Texas were extremely quiet with 
few wells added and no new horizons proved. The Long Lake field, 
discovered late in 1933, was proved to be essentially a gas reserve and 
only five wells had been completed in this field to the end of 1934. The 
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7 Figures for top and bottom of producing horizons are from top of high ; + si 
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structure found in northern Leon County late in 1933 was proved as a 
dry gas area by the completion of two additional gas wells during the year. 


EXPLORATORY DRILLING 


A large amount of exploratory drilling was carried on during 1934, 
resulting in a number of very promising prospects being condemned 
by the drill. Only one field of major significance, Cayuga, was 
uncovered by the wildcat drilling program. An oil well was completed 
in Cherokee County six miles southwest of Rusk during the summer 
of 1934. One dry hole was drilled as a south offset to the well and no 
additional drilling has been done. Possibilities of a major pool being 
developed by this discovery seem unlikely. The Rodessa gas field of 
Caddo Parish, Louisiana, was extended into Cass County, Texas, by the 
_completion of a commercial gas well in the regular pay horizon of 
the field. 

Cayuga Field.—The Cayuga field was opened in March, 1934, by the 
completion of Tide Water-Seaboard No. 1 Edens good for 656 bbl. per 
day of 29.3 gravity oil. A structure of several thousand acres is indicated 
by drilling during the year, and active exploitation was under way at 
the end of the year. Initial production of the wells ranges from 100 to 
700 bbl. on asmall choke. Gas is abundant and very careful drilling and 
setting of casing is required to complete producing oil wells. The field 
has proved itself during the year to be of major size but its ultimate oil 
recovery is limited by the thin section of oil sand encountered below 
thick gas sands, and above the established water level. The oil from this 
field is unusual, being black and having an asphalt base with a gravity 
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under 30° Bé. This compares with ‘normal’ Woodbine oil, which is 
brown, has a paraffin base and is 38° to 40° Baumé. 
Kittrell Field.—A producing well of some significance but of no great 
importance was completed in September, 1934, by Boone et al. on 
Trinity State Bank land near the village of Kittrell, on the south line of 
Houston County. This well was completed at a depth of 2036 ft., 
flowing approximately 600 bbl. per day of 24.8 gravity oil. It is signifi- 
cant both because of its shallow depth and because it proves a new produc- 


TaBLE 2.—Summary of Drilling Operations in East Texas District 
(Figures in body of tabulation represent number of holes.) 
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tive horizon. The exact correlation is in some dispute, but the prevailing 
opinion is that the oil comes from the Reklaw formation near the base of 
the Mt. Selman group of Eocene age. It is not expected to become a 
field of importance, as drilling by the end of the year had defined the 
field on three sides and had limited its ultimate size to a few hundred 
acres. The two additional wells completed by the end of the year were 
smaller than the discovery and indicated irregular sand conditions. 


SUMMARY AND OUTLOOK FoR 1935 


Drilling in the East Texas field will perhaps continue to be active 
during 1935, but the probability is that fewer producers will be completed 
in 1935 than in 1934. Active development will continue in the Cayuga 
field and the limits should be established during the year. It is antic- 
ipated that wildcat drilling for Woodbine production will decrease 
sharply during 1935. Production from the East Texas pool should 
continue at approximately its rate during 1934 and may even increase 
this figure if the market will support additional oil. Enforcement of 
proration in the field will perhaps suffer continued vicissitudes during 
1935 but should control the excess oil production within the average 
figure for 1934 and may well decrease the amount of such oil produced. 
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- Oil and Gas Development on the Texas Gulf Coast 
during 1934 


By W. B. McCarrer* 
(New York Meeting, February, 1935) 


BrRoabDLy speaking, the year 1934, one of the most active in the 
history of the Coast, has been both disappointing and revealing. Of 
the 18 new oil-producing areas, only two have shown the qualities of a 
first class oil field. Many of the new areas are discouraging for the 
horizons exploited, because of close association of gas and salt water, 
and the absence of any appreciable oil zone. In spite of amply fulfilling 
the expectations of drilling and geophysical development, the year has 
fallen far short of the results that normally should be expected from such 
a campaign. 

In 1934, the Cockfield zone has been disappointing because its 
exploration down the dip from the Conroe and Tom Ball fields revealed 
only such distillate fields as Splendora, Eureka, and the great gas-sand 
thickness at Katy. The zone proved good at Raccoon Bend. Newer 
Oligocene and Frio fields in Texas, with the exception of Hastings, were 
also disappointing, as Van Vleck and Old Ocean attest. The discovery 
_at Dickinson is not startling. The development of Hastings, Tom Ball, 
Dickinson and the deep zone at Raccoon Bend will be slow. A new strip 


of prospective territory of minor importance lying inland from. the 


Conroe trend was opened by the Kittrell discovery. 

During the year 206 unproductive wildcats were drilled on the Texas 
Coast, compared with 207 during 1933 and 141 during 1932. During 
1934, there were 835 oil and gas wells and 229 dry holes drilled in proved 
fields, in contrast with 1100 in 1933 and 512 in 1932. 

The past year’s production was actually 60,868,260 bbl., or 2,020,764 
bbl. less than in 1933. The present annual rate of Texas Gulf Coast pro- 
duction is about 61 million barrels per year. The daily Texas Coast pro- 
duction decreased 5537 bbl., or 3.2 per cent, during the year. The total 
daily production at the end of the year was 173,598 bbl. Eighteen wildcats 
opened up new oil and gas pools during 1934, so that there are now 78 
active pools and 3753 producing oil wells. The production of the average 
well is 45 bbl. per day. The price of crude oil was almost uniform in 1934, 


Manuscript received at the office of the Institute Jan. 28, 1935. 
* Geologist, Humble Oil & Refining Co., Houston, Texas. 
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Taste 1.—Oil and Gas Production in Texas Gulf Coast 
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Batson}, Hardin............-.--+: 32 490 490) 36,338,795 207,835 243,003 

Big Hill!, Matagorda.............. 31 15) Past Prod 15 210,906 

Humble}, Harris.........- Gohan 30 | 2,320 2,320] 118,896,720] 1,786,620) 1,243,074 
Shallow: ccchast ea aaancenocet 30 | 2,110 2,110} 107,752,247 935,349 716,709 

Os. 23. ato Ldepcnnsconbiaes 6 210 210} 11,144,473 847,275 526,365 

North Dayton!, Liberty 30 55 55] ~ 2,149,681 56,630 59,116 

allow. 30 25 25 800,000 
Deeps Pees: : 8 30 30) 1,849,681 56,630 59,116 

Hoskins Mound, Brazoria. 28 10) Past Prod. 10 31,755 

Goose Creek?, Harris..... 27 910 910} 73,230,018] 1,159,619] 1,208,428 

Markham}, Matagorda...... . | 27 185 185| 4,879,880 375,339 401,979 

Orange?, Orange.........-.--++--- 22 400 400) 31,485,087 333,643 279,686 

Brenham!, Austin, Washington..... 20 55 55 325,068 11,849 11,757 

Damon Mound!, Brazoria........- 20 270 270| 8,814,075 260,519 208,623 

West Columbia}, Brazoria,......+. 20 270 270| 77,801,107) 1,198,316] 1,033,442 

Barbers Hill!, Chambers........-.. 19 500 500} 44,549,140) 8,026,038} 6,836,093 
Shallow seat acsiee eae or == 19 70 70| 1,745,214 
Dyes opr osrieean aecoancdoe 7 430 430| 42,803,926] 8,026,038] 6,836,093 

Hullilabertyac noes. clase onece > 17 690 690| 77,660,656] 2,006,200] 3,476,876 
SHEMLT, fea nao senee Baar dancdd 17 615 615| 75,105,615) 1,617,302] 1,310,733 
Deep....--...++eeseeeeeeeee 2 75 75 2,555,041 388,898] 2,166,143 

Blue Ridge’, Fort Bend..........-- 16- 325 225) 9,339,530 287,949 310,775 

Pierce Junction!, Harris.....:...-- 14 312 312) 28,045,692] 1,559,047| 1,204,102 

Widna®, JackeONeceac 2-3-2300 <i 14 125) 125 

High Island!, Galveston...........- 13 200 200] 8,510,145} 2,467,904) 2,768,798 

Stratton Ridge!, Brazoria.......... 13 25| Past Prod. 25 12,214 

Big Creek!, Fort Bend : 12 200 | : 200} 8,237,634) 408,801 361,450 

Big Hill, Jefferson......... woe) 12 10) Past Prod. 10 13,853 

Hockley!, Harris........----++++- 12 10 10 16,656 13,128 2,590 

Kingsville, Kleberg.......-.-+-+++- 12 90 175 265 616,597 25,844 24,261 

Mathis, San Patricio............+- 12 100} 100 

Boling!, Fort Bend, Wharton....... 10 200 200} 4,530,876 125,037 140,421 

South Liberty}, Liberty..........-- 10 235 235] 14,628,465 260,627 180,455 

Fannettl, Jefferson........---+--- 9 65 65} 1,348,802 145,628 195,370 

Nash1, Brazoria, Fort Bend......... 9 120 120} 1,622,932 30,048 12,147 

Orchard}, Fort Bend...........--- 9 145 145 2,682,240 413,623 453,390 

Allent, Brazoria...........-.+++++ 8 10 10 74,665 3,04 3,910 

Clay Creek, Washington.........-- 7 265 265) 2,891,412 321,108 263,830 

Raccoon Bend, Austin. le Tt 2109 785| 2,894) 13,425,784) 1,501,449 1,480,826 
Bballowieie «0 sacc see Ty done 1,371| 13,295,768] 1,501,449 1,350,810 
[Yes he = Seo oues poo eco 1| 1,296 1,296 130,016 130,016 

Refugio2, Refugio..........+-.+++ U\ 1,877 2,720) 4,597| 30,386,270 2,123,414) 1,418,849 
Shallow (CHICA) | -foitiniet iero7ei~ sar 1,025 1,025] 19,856,435] 1,079,086 679,891 
Deep (Light)........-.-.+--- 852 852| 10,529,835] 1,044,328 738,959 

Sugarland, Fort 7 te oie aE 7 | 1,163 1,163] 21,036,782 2,538,313] 2,185,659 

Esperson?, Liberty......-..-+++++- 6 320 320] 3,114,587 485,795 446,445 

Hankamer?, Liberty.......--+-+--- 6 180 180} 2,980,521 539,283 376,050 

Lost Lake, Chambers.......--.++++ 6 65 65 688,346 79,821 68,706 

Port Neches?, Orange....-<....-++ 6 250 250} 2,875,158 388,077 562,676 

Rockland, Jasper..........-2++0+ 6 20 20 29,344 3,967 2,718 

Agua Dulce, Nueces.......----+++ 5 1,000| 3,653} 4,653 133,134 8,099 103,027 

Danbury, Brazoria.........-+-++: 5 50| Past Prod.4 50 8,612 3,6124 

Mykawa, Harris........-.++++++: 5 90 90 437,442 98,199 154,619 

Moss Bluff, Chambers, Liberty...... 5 10| Past Prod. 10 179,235 6,065 

Pettus District, Bee............--+ 5 | 520 2,695} 8,162,132] 1,211,928) 1,057,730 
Pettus Town Site.........-..- 5 825 825] 7,035,240 917,814 578,641 
North Pettus.........-.-+-- 400 400 838,580 218,405 352,180 
INOFMANTIA Ss. os cede = 20 : 20 43,058 7,612 4,562 
Tuleta, West Tuleta.........- 825 825 243,104 68,097 120,197 
Northwest Tuleta........---- 1 300 300 

a Footnotes to column headings and explanation of symbols are on page 249. : F 

maximum and minimum depths of producing horizons are shown. 


1In salt dome fields of piercement type, 
2 Fields of non-piercement type without 


uniform sands, havi 


4 Shallow Miocene oil locally used for fuel in drilling. 


5 Production for December estimated. 


ing multiple lenticular sands, are treat 


ed as in footnote 1 
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TaBLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 
3 
a 
§ Field, C 4 : 
ield, County g Oil Z A 
. To End of | During During age 
5 piq| Oil | and | Gas | Total | “i934 | 1933 | 19348 | during 
a : A=! he i pau 
g oe 1 
5 2 
66 Kimball... roves sntsc.stprhenaw 50 50 2,150 2,150 27 
67 @aenar’.,. Reseaters.. 2 sateen 1 100) 175 275 
68 | Saxet?, Nueces 5 650] 4,362) 5,012) 2,270,327 876,063 731,854 2,249 
69 | Slick, Goliad.................005- 5 25 25 53,353 10,504 1,064 
70 | White Point?, San Patricio......... 5 20] 3,865) 3,885 60,879 16,200 9,623 32 
aL} Luoashiite Oaktaeecer tsi wanttes a 500} 3,525) 4,025 82,964 19,614 28,385 166 
72: Manvel, Brazoria... .24...0seeses « 1,520 1,816,411 587,719 997,958 4,073 
73 | Thompsons, Fort Bend... . 3,635} 14,115,392) 4,149,140 209, 11,880 
7A) Ariolac: Hardine tenon. «<8 fee 00 100 663, 439 191,219 464,583 838 
75 | Buckeye, Matagorda.............. 2) 500 500 454/818 272,511 76,852 164 


76 | Conroe, Montgomery... . 


77 | Keeran?, Victoria....... 20) 270 242,342 96,062 "100,822 313 


78 | MacFadden, Victoria............. 845] 855 27,740 6,235 81 
79 | O’Connor, Refugio, Victoria........ B} 250 250 133,118 21,105 109,438 353 
80 | Pledger, Brazoria. . > ee hale 20) 1,100) 1,120 17,006 15,906 1,100 
81 | Garwood, Colorado............... 2 10 0 i 10 2,024 2,024 

rod. 
82 Greta, PRGPUGiO sme nte facie cer eee 2) 4,779 4,779| 5,143,371) 1,216,624) 3,926,747 | 12,924 
83 ivingston, Polk irdte.scscntaretres 2 885 885) 1,144,685 412,267 732,023 2,222 
84 | Seeligson, Jim Wells 2 200 200 4,500 1,400 3,100 14 
85 | Tomball, Harris.......... 2) 9,118 4,927) 14,045 1,224,994 246,657 978,337 3,792 
SG) Ace? Polen nara uiss oasis oA 1 50 50 5,768 5,768 53 
87 | Angelita, San Patricio... 1 100 100 23,080 23,080 48 
88 | Brookshire, Waller... 1 50 50 2,640 2,640 26 
89 | Cleveland, Liberty. . 1 400) . 400 178,763 789 177,974 400 
90 | Raisin?, Victoria aoe cele 300 365 665 16,952 16,952 125 
91 Dickinson, Galveston. ..c.seaet 1 100 100 6,275 6,275 80 
92°) Hurekat; Harrie.) 22 -s..seenees 1 100 100 1,360 1,360 41 
93 | Hastings, Brazoria................ 1 100 100 
94 | Kittrell, Houston................. 1 160 160 36,844 36,844 203 
95 Louise, Wharton cite. = s2/toerees 1} 1,000 1,000 185,300 3,162 182,138 736 
06;|| Dinero, Lite Oak “motes an. caer 1 100 100 16,168 16,168 102 
97 | Old Ocean’, Brazoria.............. 1 100 100 10,740 10,740 244 
98 | Port Lavaca’, Calhoun............ 1 100 100 .100 3 
99 | Sinton, San Patricio.............. 1 120; 20 140 5,775 5,775 50 
100 | Splendora’, Montgomery........... 1 100 100 676 676 
101 | Tomoconnor, Refugio............. 1 | 2,000 2,000 33,097 33,097 356 
102 | Vanderbilt’, Jackson.............. 1 100 100 65,326 65,326 165 
103 ke City3, Matagorda Se agin RR 1 100 100 13,495 13,495 84 
LQ4 Total aie <saccen em tae croc Mae cae 62,111] 2,510} 26,742| 91,363] 937,154,233] 62,058,419] 60, 850, 3605} 165,302 


3 Distillate and gas field. 
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TaBLE 1.—(Continued) 


Average Oil 
Prodaction, Bb. Depth, Ft. Number of Oil and/or Gas Wells 
Ran; : i 
a ee Weighted Average Dee At End of 1934 
BS 3 
5 ane 2 3 
ene g aS E =e e | 3 be S16 
Bl ga~lez| # ce les | 3. |2| El eglzelgalz | 2 
z| 82 oe 3 a3 a8 sa | 8 | § | £8)-22/28) 4 g 
<F Ea i} 634 S30) Bo a | 3 2 | SO 
2] ss | Be 3 8 S83 |S82) = | Fl g | gel sa| Sel Selse 
2| ge |g3| & | & | gAF |etS| Ss] 8 | 3 82) eo) £5) Foe 
1} 269,400 18 750 5,900 1,610 1,34382 
2| 181,185 | 5 750 | 1,200 1,000 10032 rls loot , 
3| 414,697 29 2,920 5,900 3,400 3412 y y 89 89 
4 54,821 4 200 2,000 1,000 7392 y y 197 197 
5| 100,414 7 230 | 4,000 900 7752] 10| y| y| 181 1 ipis2 
6) 74,151 5 Loe L500 1,250 9762} 2 y y | 163 163 
7| 14,060 0 8508 875 862 3 ah 
2,0007 | 2,100 2,050 
g| 51,249 | 17 700 | 5,400 1,800 1,6642| 6] 40y| y| 211 211 
9 51,066 7007 3,400 1,700 1,591 6 y y 69 69 
1,1506 1,250 1,200 
10| 53,067 3,800 | 5,400 4,800 731 O| yl yi 42 42 
11| 39,085 | 20 425 | 5,180 3,800 62 yv| y| 10 10 
12| 32,000 425 | 2,900 1,200 52 yl oy 
7 44,989 20 4,000 5,183 4,800 10 y y 10 10 
© x 1 y 
15 80,473 35 1,050 4,500 2,800 860} 12 | 12y 3y 89 89 
16 26,378 52 530 3,800 1,500 125 5 2Qy y 27 27 
17| 78,712 14 | 2,850 | 5,200 4,000 313 \ec2al) cal gi leans 53 
18| 5,910 1 190 275 225 62 by | y| 29 29 
19 32,645 16 1,350 3,800 2,700 120 5 5y y 32 32 
20| 288,152 | 70 660 | 4,600 3,200 233} 1| 3y| yl 37 37 
91| 89,098 | 133 830 | 6,704 4,500 351, 35| y| 4y| 153 153 
92| 24,931 830 | 4,100 2,300 42 yl oy 
23 99,544 133 4,000 6,704 5,200 309} 35 y | 4y 153 153 
94] 112,552 | 35 5,300 2,900 684, 58) 3y) y| 212 212 
25| 122,123 | 27 900 | 4,600 2,200 614, 9) 3y] y| 141 141 
26 34,067 51 3,950 6,150 4,650 70| 49 y y 71 71 
27| 28,737 | 23 1,850 | 5,000 3,600 160} 4| | yi 37 37 
98| 39,890 | 59 | 3,300 | 5,900 4,300 208] 12|11y| y| 60 2 | 62 
29 2,640 | 5,370 3,400 11 yloy x x 
30| 42,551 | 162 1496 200 4,325 65] 71 2a) yl 42 42 
2,7007 6,200 
31 4,360 4 
32| 41,188 | 39 7006 800 3,850 Glee eral er 22 
2,650 4,200 
33 1,385 1,500 5,958 2,500 3 y 4X 
34 1,666 3 2,250 2,220 3 y y 1 1 
35| 6,851 9 2,350 | 2,050 18 yl oy 7 y y 
36 2,385 2,375 5 y y w ¢ 
37| 22,654 6 420 | 4,000 1,375 130 Sh gel) 72 72 
38| 62,249 | 10 510 | 3,900 3,500 278) 2| 3y| 5y| 43 43 
39| 20,750 | 69 | 3,260 | 5,800 4,660 13 yl oy 7 i 
40 13,524 43 3,700 5,677 4,300 24 1 1 
41| 18,498 | 114 | 2,280 | 4,000 3,750 24; 2 10 10 
42| 7,466 | 21 4350 | 5,384 5,030 5 1 
43| 10,926 | 24 985 | 1,375 1,250 45] 7 34 34 
44| 6,366 | 42 1,0208 | 1,010 162) 17 22 | 102 30 P08 
4,100 | 3,125 
45| 9,678 | 39 3,150 | 3,125 148] 3 22'| 88 88 
3,475 | 3,450 
46 100 58 4,100 4,000 14] 14 14 14 
47|- 16,189 | 44 | 3,600 | 6,500 2,3008 1,850 380 20) vl wi 97 y y 
48| 19,372 | 34 3,700 | 3,600 ami| 3] yl yi 48y y y 
49| 12,359 | 54 | 5,000 | 6,500 6,000 109} 17} y| y| 50y y y 
50 18,088 176 3,2008 3,400 3,575 69 27 34 34 
3,400 3,800 
51 9,733 52 2,185 4,100 2,970 38 3 29 29 
52| 16.558 | 238 | 2,675 | 4,801 3,975 7) 2h ie eagle 6 5 5 
53/ 10,590 | 29 | 2,390 | 2,840 9,830 Wilf Oa 8 8 
54] 11,501 | 123 | 3,150 | 5,011 3,830 15] 3 13 13 
55| 1,467 3 1,275 | 1,260 8 3 3 
ae eee 


6 Cap. rock. 7 Sand. 8 Gas. 


Avei Oil 
Protustlon Bbl. 


Sd 
oO 
S 
_ 
5 
Zz 
wo 
A= | 
2 


of 19342 


Per Acre to End 
Per Well Daily 


* 


Depth! 2, Ft. 


Range of 


Production 


Shallowest 


a Line Number 
ey 


5,666 
3,088 


2,742 


1,8508 


4,100 


5,130 


4,062 


2,220 


9 Oil. 


5,860 
4,150 


5,235 


3,125 


4,700 


5,851 


6,203 


4,460 


10 Total included in “Producing Oil.and Gas” column. 
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TaBLE 1.—(Continued) | 
Number of Oil and/or Gas Wells 
At End of 1934 
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AVP 
103 


_ 
Noe ty 


Aa eee 


835 


Shut Down 


Abandoned. 
Temporarily 
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Oil Only, 
Producing Oil 
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Total 
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| Line Number 


CONOR wWhde 


Oil Production Methods 
at End of 1934 


Pressure, Lb. per Sq. In.33¢ 


Number of Wells 


ry 


ore 
ep 
w 
meee 


eo 
anwmnwee DBwwnncoorF 


a 
Eom 
wo 


21} 20 


uu Jetting. 


Miscellaneous 


Character of Oil 
Approx. Average during 1934 


5ll 


Average at Gravity A.P.I. at 
End of 60° F. 
Initial 
E 1933 | 1934 
as 
om | 
ae gi 8| 3s 
£5 Be 
as a|4| 32 
he 3) eee 
4 50 | 41.7) 23 28 
= 22 
400z 50 30 
2 22.0) 16 20 
x 31.0) 16 22 
x 125 | 29.8] 20 27.7 
x x x 3 
= 75 | 45.0) 17 x 
x 36.0) 17 © 
315 45.0) 38 41 
400r 41.5] 22 28 
x 24 
400 36 
c £ 
G 36.0) 19.2 23 
£ 325 | 27.6) 23 23.2 
ae 27.4| 20.4 23.8 
19.0) 14 17 
2 33.0} 21 26 
£ 93 | 32.0) 18 28 
296 260 309 | 34.7) 17 25 
296 260 309 
x 410 85 | 41.0) 17 82.7) 
tn 34.0) 17 24 
5,302 410 85 | 41.0) 36 38 
3,852 75 | 45.0} 20 26 
3,552 126 195 | 41.5} 21 27.6 
1,100z x x 
5272 345 362 | 39.0} 23 33 
29 
400r 400 | 42.7) 19.5 28 
x x 
40x 37.0) 22 32 
x 19.2 
9352 x x 
+ 10 | 33.7] 21.3 28.3 
47 20.5 24 
540 37 26 30 
800 24 20 22 
375 40 218 | 41.4) 22.1 28.3 
200 41.3) 28.3 34.3 
350z z 150 | 27 23 26 
23 300 38 16 28 
23 275 32 16 28 
e1,760 : e1,755 | 38 32 34 
1,200 350 874 | 60 21 31 
550 y 23 
1,700 y 39 
1 1,330 | e1,372| ¢1,379 28 
100 275 | 32 21 24 
424 55 90 | 26 15.7 23.4 
490 23.4} 18 22.4 
155 1,000 | 26.5) 19.6 es 
Gas 7904] 1,575| 1,320 By 
Oil 1,650 1,320 
rz 
290 350 | 30.5) 27 28.2 
280 29.7 
47 


13 Refers to working pressures only, unless otherwise noted. 


Character 
of Gas 
Approx. 
Average 
during 1934 
Gal. 
B.t.u. | Gaso- 
rs per line 
a Cu. Ft. | per 
gO |. » | Cu. Ft. 
45 o 
cae 
0.24) A x 
x A 
0.94 | A CO eB 
x A ra \ ee 
ay A x 
0.108) A 
0.12 | A 
x A 
0.19 | A 
0.21) A 
0.18 | A - 
x A 
0.372) A 
r A 
0.214) A 
0.28 | A 
0,25) A 
0.173) A 
y y 
x A 
0.28 
2. A 
© A 
i A 
x A 
0.14; A 
y y 
0.41) A 
0.18 | A 
x A 
by A 
z A 
0.105} A 
0.36 | A 
0.18} A | 1,000} 0.8 
0.14) A 
0.10 | A 
0.169} A 
0.31 | A 
0.26] A 
0.33 | A 
0:22°) A Y- 
0.26) A 
0.26) A 
0.022} M 
x A 
6.141) A 
0.21) A 
x M 


14 ‘‘Rock”’ pressure. 
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Oil Production Methods 


at End of 1934 
Number of Wells 
by 3 |2 
8 ' 8 |.ay 
B\ vl Zlal.|4/Z€ 
a | 2 3 
g|E| e\slzl| 2 les 
fle|2/él|4| = |e= 
61 3 21) 15 3u 
62 21 5 
63 1 
64 9 Qu 
19 
65 i 
66 1 
67 3 
68 24 §u 
69 1 
70 1 
71 4 1 qu 
72 37 5 
73 162 5 
74 1 5 
75 2 
76 822 5 
77 1 1 
78 1 
79 5 2 
80 
81 
82 175 Qu 
gr 
83 30 5 
84 1 
85 107 
86 1 
87 1 
88 1 
89 2 
90 4 1 qu 
91 2 
92 1 
93 1 
94 4 
95 i 
96 1 
97 1 
98 1 
99 3 
100 
101 3 
102 1 
13 2 
104 | 1,757) 1,912) 65 9] 17 26 


TaBLe 1.—(Continued) 


Pressure, Lb. per Sq. In.33.¢ 


Character of Oil 
Approx. Average during 1934 


Gravity A.P.I. at 
60° F. 


Average at 
End of 
Initial 
1933 | 1934 F 
& 
a 
= 
236 30 125 | 49 
y 410 | 51 
150 100 
534 150 | 51 
792 784 
370 370 
100 100 
Gas 1,160!5 99014 
Onl ays 235 
1,325 620} 1,240 | 26 
745 646 
550 65} 1,0508 
465 
Gas 764 y 477 
Oil 2,000 1,740 
Gas 8744 340 | 50 
Oil 1,400 1,225 
478 339 385 | 33 
750 568 560 
440 542 42 
1,045 
e2,275 | e2,113] e2,087 
Gas 2,400 750| 2,200 | 48 
1,450 1,450 
1,725 1,638 
365 196 
2,450-| 2,450 
1,225 
633 777 431 
700 556} _ 561 
z 1,100 
e2,490 | e2,406} e2,417 | 45.4 
1,400 1,250 
1,140 450 
100 100 
1,350 940) 1,000 
53014 350 
1,250 1,250 | 54 
2,400 2,400 
2,175 2,175 
360 225 
1,000 980 | 63 
1,650 1,600 
500 
2,200 2,100 
2,000 
667 392 
500 200 
1,700 1,235 | 56 
12 Jamming. 


15 Casing pressure. 
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TaBLE 1.—(Continued) 
Producing Rock 


Name Ages es 
~~ 
s 
E 
iS) 
: Pre-Ter 
Carp rock-Plio Plio L.SH 
Mio wee = Mio Ss 
Mid. Olig-Frio Olig 
; {rie 
Caprock-Plio Plio L.SH 
Mio-Mid. Olig-Frio Mio Ss 
Olig 
Lagarto_ Mio-Plio | Ss, L 
Mid. Olig Olig 
Caprock Pre-Ter 
Cap rock-Plio-Mio Plio-Mio 
Mid. Olig : Olig-Eoc | L.Ss 
Jackson-U. Saline Bayou Pre-Ter SH 
Cap Rock-Lissie-Lagar Plio-Mio | L, Ss 
Mid. Olig-Saline Bayou Olig-Eoc 
Pre-Ter 
Cap rock Pre-Ter |L 
(x) Mio (z) Mio 2 
Cap rock-Mio-Olig Pre-Ter LS 
Jackson-Cockfield Mio-Olig | SH 
Saline Bayou Eoe 
Mes Pre-Ter 
Cap rock-Mio-Olig Mio-Olig | LS 
Mid. Olig lig 
Jackson-Cockfield SH 
Saline Bayou Eoe 
Miocene-Plio Mio-Plio | Ss 
Frio-Vicksburg Olig SH 
Plio-Mio Plio-Mio | Ss 
Mio Mio SH 
Frio-Vicksburg Olig 
Cap rock (y) Pre-Ter 8 
Plio-Mio Plio-Mio | SH 
Mid. Olig Olig Ss 
Frio-Vicksburg 
Cap rock Pre-Ter | L. 
Plio-Mio Plio-Mio | SH 
Mid. Olig Olig 8s 
Plio-Mio 4 Plio-Mio | Ss 
Mid. Olig, Frio Olig SH 
Oakville Mio 
Cockfield Eocene SH 
Mio 
Mid. Olig Mio 
Vicksburg Olig SH 
Plio-Mio Plio 
Mid. Olig Mio Ss 
Frio-Vicksburg Olig 
Plio-Mio Plio-Mio 
Frio Olig 8s 
Plio-Mio Plio-Mio | Ss 
Mio Mio 
Frio Olig Ss 
Plio-Mio Plio-Mio 
Mid. Olig Olig § 
U. Saline Bayou 0G SH 
Plio-Mio Plio-Mio 
Mid. Olig Olig .) 
U. Saline Bayou Koc SH 
Mio 
Mid. Olig Mio 
Frio Olig SH 
Mio 
Mid. Olig Mio 
Vicksburg Olig Ss 
Mio Mio 
Frio Olig 8 


Net Thickness, 
Average Ft. 


z 
69x 


30 


| Structure? 


o 
a 


Ds 


Ds 
Ds 
Ds 


Ds 


Ds 


Ds 
D 


and/or Near-dry 
Holes to End of 1934 


Number of Dry 


1,252 


795 


107 


L 
259 


134 


87 
58 


171 
165 


316 
128 


516 
204 


198 
6 


56 
104 


5616 
156 


8 
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Deepest Zone Tested 
to End of 1934 


Name 


Vicksburg 


U. Saline Bayou 


U. Saline Bayou 
U. Saline Bayou 


L, Saline Bayou 


U. Saline Bayou 


x 
McElroy 
Vicksburg 
Frio 
Sparta 


Vicksburg (y) 
Vicksburg 


McElroy 


L. Saline Bayou 


Vicksburg 


Vicksburg 


Frio 


16 Number of dry holes drilled prior to commercial oil or gas discovery. 


Depth 
of 
Hole, 
Ft. 


6,654 


8,181 


5,700 


£ 
6,855 
6,044 
6,158 
3,572 


7,583 
6,306 


8,148 
6,676 


6,024 


6,194 


6,425 


ne — 
to End of 1934 


Name 


Plio-Mio 
Mid. Olig 


Lagarto 
Mio 

Cap rock 
Mid. Olig 


Frio : 
Mio-Mid. Olig 
Jackson 

U. Saline Bayou 


Mio : 
Mid. Olig, Frio 


Mio 
Mid. Olig 
Mio 


Claiborne 
Wilcox 


Oakville (Gas) 
Jackson 
Cockfield 
Whitsett 
McElroy 
Cockfield 


Lagarto (Gas) 


Heterostegina 
Marginulina 


Mid. Olig 

U. Saline Bayou 
Mio . 

Marginulina-Frio 


Frio 


Plio-Mio 
Frio 


Cockfield 
Gas: Fleming 
Oil: Frio 


Fleming 

Mio 

Frio 
Heterostegina 
Cap rock 
Marginulina 


Cockfield 
Cockfield 
Cockfield 


TABLE 1.—(Continued) 


Producing Rock 


Ages 


Plio-Mio 
Olig 


Mio-Plio 


Por 


Por 
Cav 
Por 


Por 
Por 
Por 


Average Ft. 


Net Thickness, 


fee 


SPY P FY ED SP y 


120 


30x 


302 
30x 


12 
9 


Structure? 


4 


~) 


oS 


Ds 


Ds 


DF 
DF 


ry 
Kado? 1934 


or Ni 


and. 
Hol 


wats of D 
les to 


_ 
t 


40 
16!6, 617 
58 


48 


15 
3216, 5717 
94 


17 Number of gas wells drilled before oil discovery. 
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Name 


— in Cap rock 
. Saline Bayou 
On Flank 
Vicksburg (y) 


Vicksburg 
U. Saline Bayou 
Mio 


Wilcox 


L. Saline Bayou 


McElroy 


Vicksburg 


U. Saline Bayou 
Vicksburg 


Frio 


Vicksburg 
Cockfield 
Frio 

Olig 
Whitsett 
Vicksburg 


Queen City 
ueen City 
Cockfield 


Depth 
ok 
Hole, 


9,134 


4,471 


7,386 
7,096 
7,471 
(Abd. in 
Salt) 
6,988 
1,320 
6,012 
6,271 
5,840 
7,375 


7,569 
7,569 
4,240 


S za Line Number 
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Producing Rock 
Name Age? 
Cockfield Boe 
Cockfield Foe 
U. Saline Bayou 
Cockfield oc 
Cockfield , . | Eoe 
Pliocene, Caddell, U. Saline Bayou | Koc 
Gas: Lagarto, Oakville Pli-Mio 
Mid. Olig Olig 
Cockfield Eoc 
Gas: Lagarto Olig 
Oil: Mid. Oligocene 
Gas: Catahoula Mio 
Oil: Frio, U. Saline Bayou Olig 
Eoe 
Mio Mio 
Mid. Olig Olig 
Frio 
Mid-Olig Olig 
Frio 
Mio Olig 
Frio 
Frio Olig 
Cockfield Koc 
Frio Olig 
Gas: Catahoula; Mio, 
Oil: Frio Olig 
Mio Mio, 
Catahoula Olig 
Frio Olig 
U. Saline Bayou ; , Eoc 
Catahoula, Heterostegina, Frio Mio, Olig 
Cockfield Koc 
Frio Olig 
Cockfield Koc 
Cockfield Eoc 
Frio Olig 
Frio Olig 
Cockfield Olig 
Catahoula, Frio Olig 
Frio Olig 
Cockfield Koc 
Frio Olig 
Reklaw, Carrizo, Wilcox 0c 
Frio Olig 
McElroy Koe 
Frio Olig 
Heterostegina Olig 
Frio Olig 
Cockfield Koe 
Frio Olig 
Frio : Olig 
Marginulina-Frio Olig 
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TaBLE 1.—(Continued) 


Deepest Zone Tested 
to End of 1934 


al 
& 
c Bs 
Bos ES ae) 
es ae 3 
ray 5 waa — 3 z is 
3 bs 3 8 5 an) 
° = s Oo 8 
g 2 al) S StS 
S28.) Ba le elige ae 
5 Ay a a | Z2ek 
SH| Por PAG) 5 
SH| Por 13 | DF 416 
23 13 
Ss Por a5 || 10) 
gis 
8 Por tai D 12 
Ss Por 15 | DF 816 
12 
Ss Por 10| D 716 
16 25 
Ss Por 10| D 4 
Ss Por 10|D 27 
S Por 28 | D 18 
SH 
SH Por 28 | D 116 
Ss 18 
Ss 25 84 | D 516 
31 
Ss Por 50z | Ds 7 
SH Por 60 | D 3 
Ss 27a 61 | D 33 
S Por 10 | D 6 
Sy) Por |G. 95 |) D 9 
O. 16 
SH| Por 20 | DF 8 
916 
iS) Por 100 | D 6 
416, {17 
Sy) Por 12 | D 10 
Ss Por |20,26,10| D 16 
SH 25a 18 | DF 27 
8 Por 10 | D 1 
416 
8 252 9|D 18 
S) Por 15 | D 8 
Ss Por 6|D 2 
1016 
Ss Por 20 | D 11 
Ss Por 8| D 3 
iS Por 8| D 6 
) 
SH| Por 21|D 1 
S Por 18 | D 5 
Ss Por 10 | D 
8s Por 13 | DF 10 
S Por 10 | D 116, 6 
§ Por 7|D 
iS) Por 93) D 
716 
S Por 10 | D 7 
Ss Por a aD) 1 
Ss Por 9|D 516, 7 
Ss Por 15) aD 
SH Por 8|D 2 
SH Por at | D 116 1 
4,663 


Name 


y (L, Saline Bayou) 


Weches 
Cockfield 


y (Saline Bayou) 
U. Saline Bayou 


Frio 


U. Saline Bayou 
Frio 


(x) L. Saline Bayou 
Vicksburg 


Frio 
U. Saline Bayou 


Frio 

L. Saline Bayou 
Vicksburg 
Vicksburg 


Olig 
Frio 


L. Saline Bayou 
Frio 
U. Saline Bayou 
Frio 


L. Saline Bayou 
Cockfield 
Frio 


U. Saline Bayou 
L. Saline Bayou 
Vicksburg 


Frio 

Cockfield 

Frio 

Wilcox 
Vicksburg 

L. Saline Bayou 
Frio 


Heterostegina 
Frio 

U. Saline Bayou 
Frio 

Frio 

Frio 


Depth 
of 
Hole, 
Ft. 


4,595 
6,062 


4,503 
3,423 


6,479 


7" 
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TaBLE. 2,—Summary of Drilling Operations in Texas Gulf Coast | 1 


(Figures in body of tabulation represent number of holes.) ‘ ; @ 


Completed Prior to January 1, 1935 Completed during 1934 
or In- 
Dry and/or Near-dry Holes Dry sad ier Heer = Ee 
at Bi 
- of 1934 
County Total Depths, Ft. Total, Depths, Ft. 
= E if 
ean aa 
—) — = m2 S - 2s|\e2 
-_(Sleleleleleeee| _ (2|, e8eeeee| [ia/2/ 
el CUS ee ELIE Ee [SS eeeicciniee Sues 2] 
BS 2 d}d s a}d 3 8 3 legs les s s BE] -S 
3 s s\s = [SE 3/29 3 3e3| =| 
a@/8]5/5/8/2/S S85 a |& S-FRS SSIS 6 foe E| a 
Aransas........... 2| 2 |e | 7 i 1 
‘Anaties ee Wiser ieals 7; 6} 8} 16) 10} 6| 1) 1 55 224 1] 1) 3) 2) 1 8] 17 4 
BeGh soe: Sees nat 8} 7} 6) 19] 30] 10) 6 86 183 1) 1) 4] 2] 2 10} 65 9} 3 
(Bragovialaesere ee 25| 39) 22) 35} 17] 7} 10) 4 158 439 1 1 : 411) 7| 49 16) 2 
Bragosepiep eee 22) 19] 6} 3) 1 51 1 1 3 
Burleson 14] 19} 19) 7] 1 (ee 61 1) 1 1 3 1 
Calhoun 1 Li dies 9 5 bi eee | 
Chamber: 7 22) 5] 4| 2) 4) 3) 1 1} 49 367 1} 1} 2) 35 12} 2 
Colorado 18] 28) 5) 3] 7 5) 1 67 1 1 1 
Dewitt icrnee ce 6) 3; 6) 10) 8} 2) 1 36 1] 2] 1 4 1 
Payetteryadacute «... 14) 9) 15) 8] 4 50 2) 1) 1 4 
Fort Bend......... 53] 47] 12] 19) 14] 5} 10) 2) 1 163 502} 3 1 5} 1} 10) 36 By Ad 
Galveston......... Ge: 4) 3 Tie 23 67 1 1 2 39 5} 1 
Goliad... 14) 14) 6] 11] 24) 4) 1 74 3 si 2 3 1 
Grimes® 2.5.5... 6) 8] 14).24) 4) 2) 1 59 3 2| 4 1 10 4 
Hardinkenge tea: ce 5} 20). 8] “7 2) ai 3) 2 47] 2,499] 1 1) 2 4, 17 7 
FATIIS soa si acs-cieas. 23| 77| 38] 42] 20) 15) 24] 1 240 | 2,875) 1] 2} 2 1) 1] 9 16} 138 17] 6: 
Houston! (Kittrell) 4 4 
Jacksoniteeaty.c<21- Lipo 6) 12) 3) 32 13 1/3 4) 2. 
Jasper yee eerees |iiase 12] 23) 2) 4] 4! 1) 2 48 8 1 1 
Jefierson.e........ 16) 37} 32] 29) 13) 9} 7) 4 147} 1,359 2 pte Ue | 5 2) 3 
Jim Wells 3] 2) 10; 9 6 1 8 34 4 2} 1 3 3 2} 1 
Klebérg....:.355-« 11 3} 2 16 18 1 1 aieei 
Lavacacane te 26 7| 1) 2) 5 41 2 
Liberty-ioyo. <atatcn 6) 23} 26) 23) 11] 11) 6) 2 1} 109} 1,084 3} 3} 2} 8) 69 11) 3 
TivelOals. 222 sfc 14) 43] 22) 11) 10} 3) 1 104 33} 3 {13} 2] 1) 1 1 21 6 1) 5 
Madisone;.......> 5} 66) 66 > 19 1 2 3 1 
Matagorda........| 10) 10) 10) 23) 9} 7] 5 74 132 2) 2 ers ob mel 
Montgomery......| 15} 38) 5) 16] 19) 23} 1 117 844 3) 4] 1 8} 159 8} 2 
Newt0Disecrmns 26 4) 22) 3 A i 33 1 1 
Niuecesiisty. ats os ne 1} 11} 3] 10) 6 31 97 5) 4 9} 20 2 
Orahigeves, ciate. 5] 16} 3) 13] 5) 2] 4 47 328} 1 1 1 3 5 5 
Polk ahaa rete 2) 9; 5) 6) 12) 5 38 37 1 1) 1 3} 23 5) 2 
Retugior ass... e4 es 1 PAN ie til mela 24 586 1 PUR Gee ES 6 
San Jacinto....... Zi 8 AI A 10S 23 4) 1 5 
San Patricio,...... 3] 1) 14) 15} 9} 6} 10 58 45 1 9 10 6 6 
Trinity... ae 10) 7, 2) 2 21 1 1 2 
Delgo ras | iat, Bh a} gh ate 30 1} 1 2 
Victoriaiins dsc... 1} 4, 7 8 5] 4) 56 34 26 By 2h De Ho! te 5 
Walkepint ts carcscae 12) 16] 6] 13) 1) 1 49 pe ete CO 4 1 
WAG. nwtaten:. O15) 3) 11)! Geshe a 47 1 1 1 2 1 ah 2 
Washington....... 20) 11) 12) 16) 1) 1 62 45 7 1 
Wharton f5.... 5 1 a | 3 D5 VR) PS 1 46 148) 1/1 2 4, 10 cf 
ALOGae woven che 413) 661/365/455) 293] 163] 146]19} 2) 2) 2,5192) 11,974] 13 j23}19l18l29131 67} 6/206] 835 144] 51 


1 Only the productive wells in the Kittrell field were counted here. 
2 Does not list 4663 dry or near-dry holes drilled in fields, 
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owing to the Oil Code, in spite of the fact that distress or “hot”’ oil from 
East Texas was a disturbing factor. 

In the tables prepared in this year’s review, many data have been 
omitted because it has been found that very little dependence can be 
placed on the information available on many of the older salt domes. 
The peculiar conditions associated with some of the salt-dome fields also 
make conclusions drawn from some of the data inconsistent and susceptible 
to erroneous interpretation. 


New Om Fretps Founp 1n 1934 


Hastings.—Stanolind Oil and Gas Co., a recent newcomer to the 

4 Coast, found a new field in northern Brazoria county. A favorable 
reflection seismograph picture led to this discovery. Twenty-two feet 

of gas sand was encountered at 5945 ft., or 215 ft. in the Marginulina 

zone. Ten feet of oil sand, topped at 5980 ft., yielded 514 bbl. of 38° 
A.P.I. per hour through small chokes without salt water. Later, because 

of imperfect gas shutoff, the well was killed, drilled deeper to 6003 ft., 

and found an additional 10 ft. of sand. The Frio formation is at least 

700 ft. above normal. The area is controlled by the Stanolind company. 

Dickinson.—An important discovery in 1934 was Dickinson, situated 
on the mainland 15 miles from Galveston. Attention was shifted there 
when Humble Oil & Refining Co. No. 1 Maco Stewart blew out and 
caught.fire from Frio sands topped at 7789 ft. The second test, Humble 
Oil & Refining Co. No. 1-B Maco Stewart, 2500 ft. north of west, was 
completed after setting 49 ft. 5 in. of screen at 8025 ft. The top of the 
sand was found at 7998 ft. The well initially produced 33 bbl. of 
37.6° A.P.I. oil through small chokes, and three days later began flowing 
steadily 115 bbl. of oil per day. The third test, which showed the slope 
of the fold, was Pure Oil Co. No. 1 Shelor, 2200 ft. north of the blowout. 
The Frio sand was found at 7937 ft., 91 ft. of screen was set at 8016 ft., 
and the well completed in November, initially for a production of 4,000,- 
000 cu. ft. of gas and 120 bbl. of 58° A.P.I. distillate daily through one 
13,-in. choke. These wells, on the northwest slope of the structure, 
show an oil zone of 51 ft. oil interval and 227 ft. of gas interval. The 
Pure Oil Co. discovered this structure three years ago with reflec- 
tion shooting. 

Kittrell—The Kittrell discovery marks the second oil field producing 
from the Lower Claiborne formations in the Coast. The discovery well, 
Boone Bros., No. 1 Trinity State Bank, topped the Reklaw sand at 
2027 ft. and 21 ft. 4 in. of screen was set at 2036 ft. in September. The 
well flowed initially 20 bbl. per hour of 24.9° A.P.I. oil through a 5¢-in. 
choke, but some water appeared within a few days. Producers were 
later developed in the underlying Carrizo from 1949 to 1989 ft., and in 
Wilcox sands from 1972 to 2012 ft. Showings were found in the Crockett 
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at 1070 ft., the Sparta at 1347 ft. and the Queen City at 1582 ft. The 
three oil sands seem to have common gas-oil and water levels. The gas- 
oil contact is close to 1660 ft. subsea, and the water level near 1740 ft. 
subsea. The oil interval seems to include over 50 per cent sand. A 
maximum at 100 ft. of gas sand may occur here. 

An inlying outcrop of Caddell formation led to the drilling. Nine 
dry holes drilled near the discovery well outlined the productive area on 
all sides except to the northwest. The productive area will be very 
small. The deepest test was abandoned 1086 ft. below the top of the 
Wilcox formation at 3870 ft. This discovery has impelled 12 wildcatters 
in the search for other structures along the so-called “Kittrell trend.” 

Vanderbilt.—The discovery well, Encino Gas Co. No. 1 Toney, a 
mile southeast of Vanderbilt, was completed in May in a sand 279 ft. in 
the Frio formation, 60 ft. of screen having been set at 5282 ft. The first 
5 hr. yielded 125 bbl. fluid through a 14-in. choke, and later 500 bbl. of 
32.2° A.P.I. pipe line oil daily. Traces of salt water were suggested. A 
northwest offset to the discovery well, Encino Gas Co. No. 1 Simmons- 
Siedel, found water in these sands and water sands from 5500 to 5581, 
5673 and 5912 ft. Three dry holes have been drilled north and northwest 
from the lone oil well. 

Eureka.—Bunte et al. No. 1 Lackner, northwest of the Houston city 
limits, was completed at 7695 ft. in sand 232 ft. below the top of the 
Cockfield. Eighteen feet of screen was set, although 33 ft. of sand was 
penetrated. It produced 1,000,000 cu: ft. of gas daily, and one barrel of 
54.6° A.P.I. distillate per hour. 

Bay City.—The Bay City field, or Van Vleck, is 5 miles north of Bay 
City, Matagorda County, Texas. Attention was directed to the area 
by reflection exploration, and the first well was completed in March for an 
initial production of 35 bbl. of 56° A.P.I. distillate and 5,000,000 cu. ft. 
of gas through a 1x-in. choke, in the Marginulina-Frio sand between 
7001 and 7043 ft. It was plugged back to test these sands after showing 
salt water in two deeper sands from 7172 to 7178 ft.,-and from 7113 to 
7115 ft. It was recompleted in April for 198 bbl. of 50.88 A.P.I. gravity 
oil through small tubing and casing chokes. A second well was com- 
pleted in this zone later, in October, for an initial production of 287 bbl. 
of 40° A.P.I. oil for the first 22 hr. on a 3¢-in. choke; 14 ft. of screen 
was set from 7048 to 7060 ft. Practically the entire area is controlled 
by the Skelly Oil Company. 

Old Ocean.—Harrison & Abercrombie No. 1 Brazos River Land & 
Development Co. was completed in upper Frio sand encountered between 
8629 and 8651 ft., or 218 ft. below the top of the Frio formation, as a 
distillate well. The first 24-hr. gage showed 512 bbl. of fluid, of which 
22 per cent was salt water, through a 34¢-in. choke. The gravity of the 
distillate was 67.4° A.P.I. The top of the Discorbis zone is about 200 ft. 
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above normal and the interval between the top of the Discorbis to the 
top of the Frio, over 1900 ft., and is one of the thickest known on the 
coast. This well is the deepest producing on the Texas Gulf Coast. 
Old Ocean was first prospected in 1923 when Miocene showings were 
found by the Transcontinental Oil Co. at 4008 ft. The present discovery 
was the result of reflection seismograph work. 

Splendora.—In early 1934 attention was centered upon Splendora, 8 
miles east of Conroe, where a very active lease play preceded the comple- 
tion of Steen Drilling Co. No. 1. Texas Long Leaf Lumber Co., in June. 
A drill-stem test made several weeks earlier, showed distillate and gas. 
During the first 12 hr., the well averaged 2216 bbl. per hour of 64.6° 
A.P.I. distillate with a large flow of gas, through a small choke. The 
producing sand is 61 ft. below the top of the Cockfield. The well was 
drilled into salt water at a total depth of 6041 ft., then plugged back to 
5841 ft. and completed. In July it began to show salt water through 
\4-in. choke and was then killed. In addition to the discovery well, two 
adjacent dry holes drilled to the Cockfield formation found good sand. 

West Tuleta.—In June, Dirks Bros. No. 1 Skinner & Harris, situated 
about three miles west from the Tuleta pool, was completed in sand 
found from 3950 to 3974 ft., topped 18 ft. below the top of the Cockfield. 
This sand is productive also in the Tuleta pool. The first 12 hr. the well 
gaged 48 bbl. 47.3° A.P.I. oil through 3é-in. choke. The best well, 
Heyser-Heard & Walton No. 1 Rapp, was completed for an initial 
production of 440 bbl. per. day through a 14-in. choke, in 7 ft. of Cockfield 
sand from 3906 to 3913 ft. The boundary of the pool is established on 
the north by a fault and on the east and southeast by the salt-water 
table, while the west and southwest boundary is unprospected. Twenty 
oil wells have been completed in this pool. In December, a test 3300 ft. 
southwest of the nearest oil well was completed in an oil sand topped at 
3949 feet. 

Tom O’Connor.—In June, Quintana-Humble No. A-1 Tom O’Connor, 
at 5575 ft., was completed with 20 ft. of screen, flowing 21 bbl. per hour 
on 3-in. choke. By August, the well had declined to 350 bbl. per day 
fluid, 50 per cent being salt water, through a 54¢-in. choke. After 
reworking in 11 ft. of sand from 5912 to 5923 ft., it yielded 147 bbl. per 
day of 35.6° A.P.I. oil on a 34¢-in. choke. These two sands occur 1000 
and 1400 ft. below the top of the Frio formation. Three oil wells have 
been completed in the 5900-ft. sand. The few wells completed give 
little hint of the structural relations. 

Caesar.—The Caesar area, in northern Bee County 6-14 miles north- 
west from Pettus, first attracted attention in 1928, when a shallow 
Pliocene gas area 380 ft. deep was discovered. ‘The general locality had 
sporadic drilling, and in May, 1934, a gas sand was discovered by the 
Caesar Oil Co. No. 1 C. E. Pullin. It was completed for 20,000,000 cu. 


i“ a) _ SS 


= i 
a aia 


~ 


408 OIL, GAS DEVELOPMENT ON TEXAS GULF COAST DURING 1934 


ft. of dry gas on a 4-in. choke in 18 ft. of basal Caddell sand found from 
3016 to 3034 ft. In June, Houston Oil Co. No. 1 Carson, a west offset, - 
developed a deeper sand, of Upper Saline Bayou age, which showed 
1160-lb. tubing working pressure at 3280 ft. and 238 ft. below the top of 
the Cockfield formation. Attention was attracted again to this area in 
October, when the Luling Oil & Gas Co. completed No. 1-C Ruhman for 
140 bbl. on two 34¢-in. chokes in the upper, or Caddell sand, at 3062 ft. 
At the end of 1934, the area had one shallow gas well at 380 ft.; three gas 
wells from 3025 to 3050 ft.; one Upper Saline Bayou formation gas well 
at 3280 ft.; two Caddell formation oil wells at 3060 ft.; and three dry 
holes, two of which penetrated the Upper Saline Bayou and one the 
Cockfield formation. 

Brookshire-—In September a super-cap area was developed on the 
Brookshire dome when Seaport No. 1 Vaughn was completed in Frio 
sandy shale, between 2956 and 2966 ft., or 386 ft. below the top of the 
Frio formation and about 230 ft. above cap rock. Initially pumping, it 
produced 24% bbl. of 22.2° A.P.I. oil per hour for 3 or 4 hr. with very 
little gas. The well was drilled 10 ft. deeper to 2978 ft., and it flowed 
around the drill stem, with no gas, for approximately 10 hr.; and was 
finally completed Oct. 23, flowing 8 bbl. per hour through a 14-in. choke, 
50 per cent oil and 50 per cent fresh water, and 100 lb. working pressure. 
Two deep flank tests, as well as nine wells in the super-cap area, have 
failed previously to discover important oil and gas deposits. 

Northwest Tuleta.—During December, Dirks Bros. No. 1 J. E. Roth, 
114 mile northwest of the northwest edge of the West Tuleta pool, 
promised to uncover a new Pettus-sand oil pool. This well was finished 
for 306 bbl. of oil in sand between 3880 and 3884 feet. 

Angelita.—Attention was drawn to this area, 10 miles southwest of 
Sinton in San Patricio County, in March, when Atkins & O’Neil No. 1 
James Welder was completed in a sand and shale-oil section between 
5374 and 5383 ft., or 1100 ft. below the top of the Frio formation. Initi- 
ally, the well flowed 50 bbl. of 35° A.P.I. pipe line oil, through a small 
choke. The relatively few tests are still insufficient to suggest the 
extent or thickness of the sands. 

Dinero.—Dinero lies 3 miles northwest of Mount Lucas gas field. In 
August, Lion Oil & Refining Co. No. 1 McNeil was completed for 204 bbl. 
of 44.5° A.P.I., on a small choke in 6 ft. of McElroy sand at 4376 ft. 
This test is the first commercial oil produced from the McElroy formation 
southwest of the Raccoon Bend field in Austin County, Texas. A new 
deep horizon was found during November when Lion Oil Co. No. 2 
McNeil blew out at 5917 ft. in Lower Saline Bayou formation sands. 

Sinton.—In May, Plymouth Oil Co. No. 1-A E. H. Welder, 2 miles’ 
north of Sinton, was completed for 5 bbl. per hour on a 3¢-in. choke of 
50° A.P.I. oil. Nine feet of sand from 5415 to 5426 ft., and 8 ft. of 
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broken sand and shale from 5426 to 5434 ft. produced 955 ft. below the 
top of the Frio. This well had been drilled to 6602 ft., was plugged back, 
sidetracked, and redrilled to test these sands, which were intimated by an 
electrical survey. A 12-hr. gage showed 48' bbl. of 50° A.P.I. oil through 
a 3-in. choke and an estimated volume of 10,000,000 to 12,000,000 cu. 
ft. of gas. A second sand was found in the middle of the Frio formation 
from 5884 to 5890 ft. in Heep Oil Co. No. 4 Welder. This sand showed 
25 bbl. of 33° A.P.I. oil and 75 bbl. of salt water, through perforated 
casing, after reaching the depth of 7245 ft. Two oil wells and one gas 
well have been drilled in the area. Sands that had not been reported by 
the driller were recognized by an electrical survey and were developed 
into oil or gas production. 

Port Lavaca.—In Calhoun County, during the latter part of November, 
a gas and distillate sand was discovered in Steen Drilling Co. No. 1 
Stanzel, 2 miles northwest of Port Lavaca. This sand was found in the 
Heterostegina zone from 6145 to 6158 ft. and produced initially 3 bbl. 
per hour of 60.6° A.P.I. distillate through a 13€4-in. choke. 

Fordtran.—The Fordtran area is in the northern corner of Victoria 
County, midway between Victoria and Hallettsville. The first test, 
The Texas Co. No. 1 Midgett, was drilled to the Crockett at a total 
depth of 5790 ft., with little result. The well was plugged back and 
uppermost Frio sands found from 2823 to 2840 ft. furnished 1,560,000 
cu. ft. of dry gas through a }4-in. choke. Two wells later drilled in this 
area developed salt water in these and other sands. ; 


New Horizons Founp 1N SETTLED PooLs 


The year 1934 witnessed a continuance of exploitation in many of the 
old oil fields, but no flashy rejuvenations were developed comparable 
with the Hull revival of 1933, which quickly faded out because of 
close drilling. 

Raccoon Bend.—Production in the Conroe sand at Raccoon Bend was 
discovered during April in Humble Oil & Refining Co. No. 1 Zeiske at a 
depth of 4047 ft., or 205 ft. below the top of the Cockfield formation. 
Up to the close of the year, 14 oil wells, 1 gas well and 15 dry holes had 
been drilled to the Conroe sand. One of the dry holes in the center of the 
Cockfield oil area, in the graben, found the sand faulted down below the 
water level. The water level for the Conroe sand is minus 3990 ft. and 
the highest well found the top of the Conroe sand at minus 3804 feet. 

Raisin.—Raisin, or Coletto Creek, was discovered during the latter 
part of 1933, and the continuance of development during the past year 
brought about the discovery of three new oil sands in the Catahoula 
formation. The first sand occurs at 2209 ft., the second at 2332, and 
the third from 2800 to 2875 ft. In the shallowest sand five wells were 
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completed, four of which very soon showed water. The discovery well 
in this sand, Nu-Tex, No. 1 Zimmer, was completed in August, and 
produced initially 30 bbl. per day on a 14-in. choke. The 2332-ft. sand 
was discovered in September, by the same company’s No. 2 Zimmer, 
which was completed for an initial production of 150 bbl. per day through 
a 14-in. choke. The oil was 24.6° A.P.I. at 97° temperature. The 
2800 ft. horizon was discovered in August by the American Liberty Co. 
No. 1 Pribyl, in a sand from 2796 to 2801 ft. Initial production was 
400 bbl. per day through a 3{¢-in. choke, 80 per cent of which was oil. 
The development of this district during the year was restricted to pros- 
pecting the shallow horizons. 

Hankamer.—Hankamer was developed on the southeast and south- 
west sides. During March, Sterling Oil Co. No. 1 Crow, about 34 mile 
southeast of production, was completed in Miocene sands at 4570 ft. 
with 22 ft. of screen and started making dry gas. Three days later, the 
well flowed oil at the rate of 200 bbl., 26° A.P.I. gravity, daily, through 
5(-in. choke, but soon died and was later abandoned. In this vicinity, 
Gulf No. 3 Crow and Jacobs, during December, was completed with 
22 ft. of screen and flowed 627 bbl. of 28.4° A.P.I. gravity oil on 14-in. 
choke daily. This is the first Marginulina-Frio producer in the area, 
though several wells had tested that horizon. On the west side of the 
field, in October the Cretaceous Oil Co. completed a well in the Miocene 
formation at 2615 ft. which had an initial production of 252 bbl. daily on 
asmallchoke. This wasan 1100-ft. extension of the 2600 to 2700-ft. sand. 

Port Neches.—The Frio sand topped at 5995 ft. was noted at Port 
Neches during March, in The Texas Co. No. 2-B Polk. In August, after 
plugging back from the total depth of 6708 ft., 43 ft. of screen was set in 
the sidetracked hole at 5918 ft. and the well completed through two 
small chokes, making 14 bbl. of 35.6° A.P.I. oil per hour. It held up 
well, having gaged 1074 bbl. per day, on Sept. 3. 

Rock salt was first penetrated at Port Neches in The Texas Co. 
No. 2 Orange National Bank in 1934, at 7250 ft., which is the greatest 
depth for salt to be found in a deep-seated salt dome. 

Mykawa.—West Production Co. No. 1 Diamond, 3500 ft. northeast 
of the old oil area, found a. new oil sand in the Heterostegina zone at a 
depth of 4444 ft., and was completed as a 90-bbl. pumper. Four addi- 
tional oil wells were drilled, of which three were completed in the Frio 
formation and one was ruined in the Miocene when it blew out 
and cratered. 

Piedras Pintas.—The old Piedras Pintas salt dome, which had been 
prospected as deep as the Claiborne formation, produced in McElroy 
sands at 3472 ft. The well, Graham & Texana Royalty Co. No. 1 
Parr, is on the northeast flank of the salt dome where Claiborne oil had 
been found in 1925 in Humble Oil & Refining No. 4 Walsh. The Parr 
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well was completed flowing 25 bbl. per hour of 52° A.P.I. oil, through a 
1é-in. choke. Two months later a second well was completed in that 
sand, for an initial production of 22 bbl. per hour through 2-in. open tubing. 

Ariola—At Ariola, two Miocene-Pliocene sands were discovered 
during 1934. The deepest sand was found about 1000 ft. above the salt, 
in Republic-Houston No. 10 Ariola Fee at 3579 ft. The well flowed 7 bbl. 
hourly of 20.6° A.P.I. oil through 14-in. choke and a few days later went 
dead. This well also had showings around 3000 ft., which had been 
developed during September in No. 3-X Ariola Fee. In that test the 
top of the sand was found at 3077 ft.; 20 ft. 5 in. of screen was set at 
3086 ft. and the well came in through a 5¢-in. choke for 10 bbl. of 
24.9° A.P.I. oil per hour. Within a month this well went dead and 
was drilled 5 ft. deeper, to 3091 ft., but was abandoned in salt water. 

McFaddin.—A deep sand in the Frio formation was developed during 
November in the Texas Co. No. 2 A. M. McFaddin. This test found a 
sand at 6178 to 6187 ft. and flowed 300 bbl. of 47.1° A.P.I. oil on three 
14¢-in. chokes, in the basal part of the Frio formation. 

Batson.—On the south flank of the Batson salt dome a commercial 
oil well in the Upper Saline Bayou formation was finished in November. 
This well, Deering & Batson Oil Co. No. 1 Hooks, the third drilled in that 
vicinity, was located slightly farther out on a lower slope of the dome. 
It came in flowing dry gas and wash water through a 3(,-in. choke on 
Nov. 4, and was soon making 39.2° A.P.I. oil at the rate of 75 bbl. per 
day through a 1¢-in. choke. The sands in this well at 4954 ft. lie 53 ft. 
below the top of the Upper Saline Bayou formation. 

Saratoga.—A unique development at Saratoga was the discovery of oil 
within deeper cap rock on the east flank. This is the deepest cap-rock 
oil that has yet been found; and is the first here, the shallow cap rock 
having hot salt and sulfur water at 1400 ft. This test, Hines Bros. No. 1 
Caswell, went from Upper Saline Bayou formation into cap rock at 
3986 ft. In August, porous cap rock showing oil was encountered at 
3320 ft. Casing was set at 3299 ft. and 26 ft. of screen was set at 3320 ft., 
but the well failed to produce. Later the well pumped, and flowed by 
heads, 4 bbl. of oil per hour. The gravity of this oil is more suggestive of 
Cockfield. or Saline Bayou than low-gravity sulfur-bearing cap- 
rock petroleum. 

West Columbia.—A new sand was discovered on the southeast flank of 
West Columbia, in upper part of the Vicksburg formation. Sterling 
et al. No. 2 Hogg was completed during November for an initial produc- 
tion of 385 bbl. of 48° A.P.I. oil through 14-in. choke, after the casing had 
been perforated between 5138 and 5150 ft. Four days later the well 
had dropped to 5 bbl. per hour and was making 2 per cent basic sediment 


and water. 
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Extensions oF O_p Horizons 


Manvel.—At the beginning of 1934, the north Miocene sand slope of 
Manvel had been fairly well defined by drilling, and the limits of the 
Oligocene structure had been extended approximately 46 mile south with 
the completion, in January, of The Texas Co. No. 6-B Belcher. This well — 
made 37 bbl. per hour of 26.1° A.P.I. gravity oil on a 3¢-in. choke in 
14 ft. of Marginulia-Frio sand from 5109 to 5123 ft. 

Two producing zones have been developed at Manvel. The upper 
zone is found at depths ranging from 3850 to 4000 ft., depending upon the 
relative position of the well upon the northern slope of the fold, and 
consists of 25 to 50 ft. of lower Miocene sand and sandy shale, 75 per cent 
of which is sand. The best wells in this zone make 750 bbl. per day of 
25° A.P.I. gravity oil through small chokes. The lower zone, of Margin- 
ulina-Frio age, is found at various depths below 5000 ft., depending upon 
the faults, and is segregated into three areas having three oil-water levels. 
The best Marginulina-Frio wells produce initially 900 bbl. of 27° A.P.I. 
oil daily on small chokes. During 1934, the productive interval, sand 
thickness, size and extent of structure, showed Manvel to be a first class 
oil reservoir. 

Tom Ball—At Tom Ball, in 1934, an important extension was the 
completion of Humble Oil & Refining Co. No. 1 M. H. Gossett, on the 
southeast side of the Tom Ball field. This well extended the productive 
strip a mile northeast. Along the main fault, which crosses the Goodrich 
and Hooper surveys, the Schultz sand was found within the oil interval. 
At the end of 1934, drilling had shown five major faults. North and 
northwest of the northernmost fault, the Kobs, or first sand, does not 
exist, the section consisting of sandy shales; consequently, a large area 
is eliminated from production. 

Lowise.—The main oil zone developed during 1934 was the 5100-ft. 
sand, averaging 7 ft. in thickness. It occurs in the very top of the Frio 
formation. During the past year, five of the eleven completions were 
made in this zone, and the best well was finished for 196 bbl. of 
25° A.P.I. oil hourly on a 3¢-in. choke in sand from 5138 to 5147 ft. Oil 
horizons also occur at 6460 and 7143 ft., in the middle and basal parts of 
the Frio formation, two wells having been completed in the former and 
one in the latter zone. These sands have distillate. Still another 
sand, from 5966 to 5976 ft., produced initially 234 bbl. of 36.6° A.P.I. oil 
with 1.5 per cent basic sediment and water. 

Cleveland.—Cleveland was found during December, 1933, when Gulf 
Production Co. No. 1-C Kirby was brought in from 8 ft. of upper Cock- 
field sand. The field has been limited on all sides except the east and 
west by deep dry holes, and the oil sands are poorly developed. The 
main Conroe sand horizon, as well as the upper Cockfield sand, is produc- 
tive, but most of the five oil wells make some salt water. 
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Goose Creek.—Goose Creek experienced another revival, initiated by 
the completion in November, 1933, of Gulf Production Co. No. A-17 
Tabb, through a 5{¢-in. choke for 1080 bbl. of 31.1° A.P.I. oil in sand 
from 4486 to 4501 ft., or 209 ft. below the top of the Marginulina zone. 
Four months later the well was producing 207 bbl. daily through a 
\4-in. choke. This well is on the east side of the structure within the 
Miocene-Pliocene productive area. The result of the 1934 development 
has been 22 wells, of which 12 were completed for initial production 
ranging from 10 to 1080 bbl. daily on small chokes. Hight of these were 
Frio horizon dry holes, and two Miocene failures. 

Sour Lake-—The year 1934 witnessed a continuance of deep east- 
flank Cockfield development. It was explored 3000 ft. farther east and 
2500 ft. deeper than previous easternmost development. J. W. Parr 
No. 1 Bernard found the Cockfield formation at 6935 ft. and had heavy 
showings of gas. Seven-inch casing was set at 6880 ft. and 22 ft. 3 in. of 
screen was set at 6952 ft. Thirty days later screen was pulled, the well 
drilled deeper, and 110 ft. of 3-in. screen was reset at 7061 ft. After- 
wards, the well blew the swab and 200 ft. of line out of the hole, and 
flowed for 3 hr. through 3¢-in. and 14-in. tubing chokes an average 
of 10 bbl. of 31.7° A.P.I. oil per hour, 45 per cent oil and_55 per cent 
wash water. 

Livingston (North Extension).—During March, a test 3500 ft. north- 
west of the Livingston field was completed as a gas distillate well in the 
Cockfield formation. This test, Gist et al. No. 1 G. P. Reed, had set 
46 ft. of screen at the total depth of 4242 ft. and the initial production 
was estimated at 2,000,000 cu. ft. of gas and 35 to 45 bbl. of distillate per 
day through a 14-in. choke. That completion led to further prospecting. 
The first successful oil completion, in July, J. Z. Werby No. 1 Falling, 
set 20 ft. of screen at 4337 ft. and the initial production was 67 bbl. of 
44.8° A.P.I. oil through a 114-in. choke. 

Pledger—Humble Oil & Refining Co. No. 1 McFarland found the 
highest point on this Oligocene structure reached to date. In this well, 
6000 ft. southeast of the nearest gas well, the top of the gas sand is 102 ft. 
higher than found heretofore. More than 200 ft. of sand occurred wholly 
within the gas zone. Below the gas-bearing sands a 7-ft. shale break 
separated the underlying thin salt-water sands. Top of the gas sand was 
found at 6557 ft. and the well was deliberately drilled into salt water, 
plugged back, and completed for 13 million cubic feet of gas daily through 
a small choke. 

Boling.—The northeast flank of Boling salt dome was prospected 
with rather indifferent results during the year. One well, Seiber et al. 
No. 1 J. R. Farmer, 1700 ft. northeast from the nearest oil, was com- 
pleted in a Frio sand from 4396 to 4428 ft. for an initial production of 
24 bbl. per hour, 38 per cent basic sediment and water, through a 3¢-in. 
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- choke, gravity 22.2° A.P.I. The well soon died. No. 1 E. C. Farmer, of 
the same company, slightly south of the first well, found an upper Frio 
sand at 4418 ft., which carried salt water. 

Agua Dulce. This field was extended south about tive miles upon 
completion of two outpost wells, the first of which was completed in 
September in Upper Frio sands at 4775 ft. The operators, Texon 
Royalty No. 1 Walton, made an electrical survey and set casing without 
making a drill-stem test. Initial production was estimated at 40 bbl. of 
gasoline per day through 3¢-in. choke. In November, the productive 
limits were again extended 4500 ft. farther south with the completion of 
Texon Royalty Co. No. 1 Driscoll, for an initial production of 50 to 
60 bbl. of gasoline per day through a 3¢-in. choke, at 4901 feet. 

Mount Lucas.—Houston Oil No. 27 Cartwright, in the middle of the 
old Mount Lucas field, was completed in October for a 147-bbl. well, 
through 2-in. tubing in basal-most Frio sands at 3500 ft. Thirty-one 
feet of screen was set in the bottom of the hole. 


MIscELLANEOUS DEVELOPMENTS 


At Tom Ball, Louise and Greta, development progressed with little 
or no change in the status of these fields. Hull, Conroe and Thompsons 
were steadily developed, so that 1934 saw the virtual completion of 
drilling in these areas. At the close of 1934, the following districts were 
active, as the following disposition of rigs shows: 


ACTIVE AcTIVE AcTIVE 
TEXAS Ries TEXAS Ries TExas Ries 
Barber's) Hilly, a2... 16. Reiugioc.s-eresesenr 8. CONTOG. 5 cen eae 4 
Poms ballicccts core teers 10 Hull ceo eee 6 Port Neches......... 4 
Manvel on arte eens 9 Pierce Junction...... 6 “Greta? eee eee 4 


At Ace, Polk County, through December, the lone commercial gas- 
well completion, Schwab No. 2 Kirby West, had produced 5768 bbl., or a 
daily average of 48 bbl. of 59.7° A.P.I. gravity oil, with enormous amounts 
of gas. 

Near Katy, on the common corner of Harris, Waller and Fort Bend 
counties, during December, Stanolind Oil & Gas Co. No. 1 Thorp 
encountered the Conroe sand at 6370 ft. It encountered showings in 
many Cockfield and Upper Saline Bayou sands. At 553 ft. below the 
top of the Cockfield this test had penetrated over 100 ft. of gas sand. 
The first gas showing was at the base of the Caddell formation and 
continued through the Cockfield to the top of the Upper Saline Bayou. 

At Nome, Sun-Shell No. 1 Paggi encountered a showing of oil during 
October, 1933, at 6028 ft., which did not respond to swabbing. The 
well was drilled deeper and finally abandoned at 7265 ft. In December, 
1933, the second well, Sun-Shell No. 1 Hugh Long, was started and is 
now drilling below 8643 ft. Last August this test encountered sand in 
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the Vicksburg, showing oil at 8585 ft., and had enough gas pressure to 
attempt to blow out. Later, the drill pipe was stuck and well was 
sidetracked at 6251 ft. During the latter part of November, the well 
again encountered the same good showings of oil and gas between 8449 
and 8454 feet. 

Perhaps one of the most significant technical events of the past year 
was the killing of the Alexander cratered well at Conroe, by planting a 
bubble of water in the oil sand around the bottom of the crater conduit 
through a deviated hole drilled as a joint project with several operators. 
The surface of the crater ceased rolling after 26,000 bbl. of water had been 

injected into the deviated hole, Humble Oil & Refining Co. et al. Alexander 
No. H-1. On Jan. 15, the last oil was flowed from the crater. At that 
time the water injected into the relief well, and poured into the crater, 
aggregated 95,924 bbl. The total quantity of oil produced from the 
crater up to that date was 1,547,343 bbl. The peak of recovery from 
the crater was 9884 bbl. per day on July 28. 


Recent IMPROVEMENTS IN DRILLING AND EXPLORATION PRACTICES 


In the early days of Gulf Coast exploration, intentionally deviated 

holes had been drilled by means of tilting the rotary table when spudding, 

’ and controlling the weight and speed of rotation. More recently several 
ingenious tools in the form of whipstocks and knucklejoints have been 
invented for deviating drill holes; and improved well-surveying equip- 
ment has made it possible to bottom a drill hole at almost any desired 
point. Several operators intentionally drilled slant holes to an objective 
horizon, either to reach productive sands in more favorable positions, to 
go around salt overhang, or to straighten crooked holes. 

Formation testers are universally used in wildcatting to test sands 
without setting casing. Gun perforators, which are discharged by 
electrically detonated shells with hardened steel bullets, are used for 
perforating pipe opposite sands that are to be tested. 

During the year the introduction of heavy California-type rotary 
equipment at Bosco, La., was of great interest. This equipment included 
superheated boilers, using 350 Ib. pressure, and double hoisting equip- 
ment. The use of 40-ft. joint drill pipe is becoming more general. 
Special equipment for reconditioning mud, and extra heavy pumps 
capable of maintaining 1800-lb. circulating pressures, literally hydraulic 
through the clastic Coastal sediments. 

Considerable experimentation with synthetic muds for the purpose 
of drilling “heaving shales”’ of the Vicksburg and Jackson formations has 
been in progress. Drilling also has been carried on with flush joint 
casing in a further effort to get through such shale. 

The practice of coring and drilling completely through the pay and 
setting casing on the bottom of the hole and later perforating opposite 
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the oil sands has been tried with success. The use of bottom-hole chokes 
in an effort to reduce the gas-oil ratios and as an economical means of 
withdrawing gas from gas wells without an expense of surface set-up 
became fairly general during the year. In work-over wells, particularly 
in areas where chemical action has tended to consolidate the producing 
. section, it has been found practical and profitable to perforate the old 
screen rather than to set a new one. The introduction of a 10-ft. wire- 
line core barrel has resulted in its general use throughout the coast in 
coring. The use of electric well-surveying devices, which has gained so 
much ground in 1934, should greatly increase during this year. 


GEOPHYSICS 


At the close of the past year, 22 reflection seismograph crews were 
exploring the Texas Coast. Torsion balance exploration eased off, with 
15 crews as compared with 19 in 1933. One company maintained two 
pendulum crews continuously throughout 1934. To that method goes 
the credit for Cleveland. Two magnetometers and two gravity meters 
completed the assemblage of geophysical instruments, bringing the total 
to 43. To the reflection seismograph goes credit for discovery of Hast- 
ings, and it was accessory to the torsion balance at Dickinson. 
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Oil and Gas Development and Production in North Texas for 
the Year 1934 


By H. B. Fuaqua* anv B. E. THompson* 


THE area discussed herein, commonly known as the North Texas 
district, embraces the following 10 counties: Archer, Baylor, Clay, Cooke, 
Foard, Hardeman, Knox, Montague, Wichita and Wilbarger. It is 
underlain by two major structural features. The northernmost portion 
of the district, including Cooke, Montague, northern Clay, Wichita, 
Wilbarger, Foard and Hardeman counties, is underlain by the system of 
buried mountains known as the Red River uplift, which is parallel to and 
closely related to the Wichita-Amarillo uplift of Oklahoma and the Texas 
Panhandle. While the presence of a great majority of the numerous oil 
fields of the area is traceable to this feature, the production in Archer, 
southwestern Clay and southeastern Baylor counties is due to the influ- 
ence of what is known as the Cisco Arch (so called because of its influence 
on Cisco deposition), the axis of which extends in a northwest-southeast 
direction across Archer County. 

It has been impossible for the authors to isolate the statistics for 
production for each of the many small pools of this district, as such 
statistics are not kept by the operators except for the district as a whole, 
therefore Tables 1 and 2 are comparatively short. The number of wells 


TapiE 1.—Oil and Gas Production in N orth Texas 


Area Proved, Acres Total Oil Production, Bbl. 
ke go 
3 Ze 
g Field, County $n Oil 
Zz aS Oil and | Gas | Total | To End of 1934} During 1933 
© o A Gas@ 
3 < 
Oliat, Clay... 1... +- see e cere eee trees 32 500 | 1,000 | 4,000} 5,500 5,995,054 118,757 
3 Sethe Clay WEF ep ae eee eee 11 100 0 0 100 206,000 0 
3 | Others, Clay.......----s0ecrs tres r etree 300 0 0 300 140,000+ 50,000+ 
4 | All fields, Wichtta......-...-..00eeereerres 23 | 40,100 0 100 | 40,200 | 243,690,987 5,709,169 
5 | All fields, Wilbarger........--.-+-2200 00ers 22 8,960 0 8,960 | 52,992,062 2,868,501 
6 | All fields, Archer.........--+-02-0seertreee 22 | 21,355 0 0| 21,355 | 92,286,408 4,684,375 
7 | All fields, Montague.......---.+-sss0esc00s 12 3,330] 500} 500| 4,330) 20,144,256 1,519,172 
GT Por ewOCd, BoWoreesact cane gescennn ct 20 230| 0] 0| 280] 1,145,499 94,621 
9 | All Fields, Cooke..........-.-020005 9 2,050 0 0} 2,050 8,413,143 563,382 
10 | Thalia, Foard........-.-.+++++++: ; 8 0 100 0 100 200,695 24,839 
11 | Johnson, Foard........---.++2+02000: ad 2 0 200} 400 600 364,947 56,341 
“5 SE ae 2 a ae caterer 76,975 | 1,800 | 5,000 | 83,775 | 325,579,051 | 15,689,157 


to column heads and explanation of symbols are on page 249. | ‘ 
ave Saree eld , total gas production was: to end of 1934, 97,939,901 M. cu. ft.; during 1933, 412,782 M. cu. ft.; during 


1934, 306,357 M. cu. ft. Gas production data not available for other areas. 


Manuscript received at the office of the Institute Feb. 18, 1935. 


* Gulf Production Co., Fort Worth, Texas. 
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also has been subject to estimate as many of the shallower holes are 
not reported. 


DEVELOPMENTS DURING 1934 


Owing to the depressing influences which carried over from the previ- 
ous year, development in North Texas continued at a minimum during 
the year 1934. Some deep drilling was carried on, while several extremely 
local prolific spots within semiproven areas were found in Wilbarger, 
Cooke and Archer counties, and extensions to older producing 
areas were developed in Archer, Montague, Wichita, Wilbarger and 
Foard counties. 

Two deep tests, one in Wilbarger County and one in Archer, were 
probably the most important developments of the year. The W. B. 
Hamilton No. 2 Giddings Estate, 2 miles north of Anarene in Archer 
County, encountered a good showing of oil in a chert conglomerate of 
probable lower Bend (Pennsylvanian) age from 5154 to 5164 ft. Oil 
filled up 1100 ft. in the hole and the owners are still attempting to com- 
plete a commercial producer. The Phillips Petroleum Co. No. 2 W. T. 
Waggoner Estate N, 10 miles south and 6 miles east of Vernon in Wil- 
barger County, was drilled to a depth of 4212 ft., after having encountered 
a good show of oil and gas at 3870 to 3872 ft., slightly below the top of 
Ellenburger limestone. This showing, while not of commercial impor- 
tance, may stimulate additional deeper prospecting in the area. This 
test was plugged back to the regular producing limestone pay at about 
2000 ft. and is included as a producing well in the figures in Table 1. 

Of next importance in the district was the intensive drilling campaign 
carried on in the ‘‘Lime”’ area southwest of Archer City in Archer County. 


TaBLE 1.—(Continued) 


Total Oil Average UH : ,| Oil Production 
Production, Bbl. | Production, Bbl. Number of Oil and/or Gas Wells | Ppt Ler 
nd of 1934 
a Durin, : 
a 193 = At End of 1934 3 Number 
g o se 2 5 of Wells 
| During 1934] © BS S a 5S | 8 2 2 Ee We =I 

z Sales. |tes|sce| Es | 2 [Zales 23] 2/2) 5) 2 

bon blot |< lS ee > aoe a gs 38. 5° 5 as a =| 

g gree lecSlssa lee | Ba | £ | Ba leaalsa] zelcel=e| & 

3 Axvr|Ese|Ss |saz| Ss | 8 | FS (PSd/zS/ 56 |e5| 2 | E 

1] 158,054 327 | 4,000] 400+ 1 546 9 

2 0 0 | 2,060} 52+ 0 4 0 sa 0 * wifi 3500 . = 
3] _ 40,000} 150+] 470] 94+ 5 50+) 0 29} z | 0 29] 1,000] 0 29) 
; hited aoe Set 308 4 100 88 6,894; 0 0 | 6,894 1,500 0 6,894 

5] 3,050, 3,25 Bt 180 63 s ; 
6| 7,013,408 | 16,786 | 4/335 | 434+ 4 | 5.723 | 672 3/337 0 | 0 31837 Eo00 iS 
7| 1,619,256 | 4,405 | 5,250 | 268 6 749 43 711| 2 | 20] 731) 1’000 crt 
8} "109,499 241 | 4100] 410+ 6 59 3 rO) a 42| 1/400 0 ‘2 
9} 578,143 | 1,554 | 4,110) 411+ | 6 | 339 | 10 |. 277] 2 | o| 2771 1'3001 0 7 
10] 25,036 72 12,000! 9it | 10 12 1 z | 4 11] 2/00 ae 
11] 308,606 672 | 1,825] 61+ | 168 5 3 o| 4 | 0 4 3 800 t : 
12] 18,461,051 | 47,395 19,993 | 892 |13,530/ 4 | 74 |13,608| 4 | 13,530 
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This situation was discussed at some length last year'. During the year 
1934, about 600 wells were completed in the area and drilling continues 
at a lively pace. The wells, after treatment with hydrochloric acid 
solution, respond with large initial yields, which decline rapidly, and the 
ultimate per acre recovery is not expected to be large. However, the 
wells are relatively inexpensive and a nice profit will be shown by 
many of the operators. 

"The Johnson pool, opened during late 1933 by The Texas Company 
in Southwestern Foard County, has proved, by the addition of three more 
large wells, to be of commercial importance, although present data still 
suggest that it will be of limited extent. That company’s well No. 7, 
now drilling, is across the line to the northwest in Cottle County, about 
14 mile from the nearest producer. 


Acip TREATMENT 


In addition to activities in the ‘‘Lime” area of southwestern Archer 
County, the treatment of lime and sandy lime pays with hydrochloric 
acid solution has been practiced rather extensively in North Texas. 
Very satisfactory results have been obtained in Wilbarger County and 
fair results in Cooke County; while in Montague County, near the 
western limits of the Nocona producing district, a saturated lime at the 
1700-ft. level that failed to produce naturally has yielded satisfactory 
results after acid treatment. In Wichita County, in the South Electra 
district, good results have been obtained by treating limestone pays found 


Tasie 1.—(Continued) 


Character of Oil Approx. Producing Rock Deepest Zone Tested 

Average during 1934 to End of 1934 

Bd 

Gravity ie re 

A.P.I. at 60° F. rs oz 

poy Fe 

be Bs 1A 4 =| 3 

3B Name Ageo a nts ao een oF Name a 

=| | g go 1 bs oo ps) of% 3S eat 

3 | 3 © bo © S eal 3 35 = 

ml 46/803 2/66] 3 ae s 

o =p | So B Ss $ a aS © 

=| 3 : s< |e" | 2 é& |2<| & |25 A 
1) y 36.0 | 0.15 | P | Numerous Per, Pen| S 10+ A 409 | Cam-Ord 4,289 
2\ y y | 43.4 | 0.47) P Worsham pay Pen Is | 40+ D 6 | Strawn (Pen) | 3,950 
3)—y y 36.5 | 0.25 | P | Numerous Pen iS) 5+ | MC 334 | Strawn (Pen) | 3,985 
4| 41.8 | 36.1 | 39.0 | 0.30 | P | Numerous Per, Pen | 8,L | 20+ |A,M | 7,802 Pre-Cam 3,502 
5 | 38.5 | 35.5 | 37.0 | 0.65 P | Numerous Per, Pen| 8,L | 20+ | A, D 885 | Pre-Cam 3,007 
6| 40.2 | 36.8 | 38.5 | 0.38 | P | Numerous Pen §,L | 10+ | ML | 5,723 Cam-Ord 5,750 
7| 34.0 | 24.1 | 29.0 | 0.90 P | Numerous Pen §,L | 20+ | A, D 6 | Pre-Cam 2,915 
g| 37.0 | 37.0 | 37.0 | 0.38 | P Swastika sand Pen i) 10+ | ML 59 | Strawn (Pen) | 4,265 
9| 41.0 | 23.5 | 35.0 | 0.65 | P Several Pen, Ord| §,L | 10+ | A,D 359 | Pre-Cam 3,790 
10} y y 39.0 | 0.20 | P | Thalia sand Pen §,L | 22+ D 12 | Pre-Cam 2,550 
11| 45.0 | 40.8 | 43.0 | 0.30 | P Johnson lime Pen L, 8 | 30+ D a a Pre-Cam 5,003 

12 , 


1. B. Fuqua and B. E. Thompson: Oil and Gas Development in North Texas for 
the Year 1933. Trans. A.I.M.E. (1934) 107, 322. ; 
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between the 1800 and 2200-ft. levels; while the deep pay in the K.M.A. 
district to the south (3600-ft. level) responds readily to treatment. 


TasLe 2.—Summary of Drilling Operations in North Texas . 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1935 Completed during 1934 
Drilling or 
Dry and/or Near. orem he 
Dry and/or Near-dry Holes led al 1934. 
Produc=3|2 2 2s <5 eee Frodues 
County Total Depths, Ft. moo Total Depths, Ft. Walls 
(For O)eeeqe (For 
Details, Details, 3 
Se |e ls\o See See = 2 
s Ss |s\sis Table 1) s s s Table 1) | & 3 
AQ oA) 1 |S AQ | 4 
elgleeel2| jileglale a1 
= a 3, spo | a\(S/8)e Is = aa 
11} 2} 1)5,507} 5,723 68/313) 10 | 3 |394) 672 64 0 
4| 2) 0| 164 0} 2} O; 1] 3 3 1 0 
19) 2) 0} 749 6| 10} O| 1] 17 9 7 0 
9| 1| 0} 349 339 4) 9} 2] O44 15 10 it 0 
13) 1) 1) 31 17 0} 0} O} O} 0 4 i 0 
5) 2) 0} = 25 0 0} Oo} O} OO} 0 0 0 1 
5] 2} 0} 14 0 0} 0} 0} 0] 0 0 0 1 
18} 0} 0} 243 749 1; 6) 11] 0O| 18 43 9 0 
15} 6} 0} 7,714| 10,701 49) 54 9 | 2 (114 88 34 0 
21] 2) 0) 8 1, 2| 20} 17 | 0 | 39 63 9 0 
120/20} 2/15,618} 19,993 | 130/414) 49 | 7 |600) 892 132 2 


Continuation of this work is assured for the coming year and results to 
date have shown that the expenditure is entirely justified. 


OUTLOOK FOR 1935 


In 1934 the production for the district increased about three million 
barrels over the 1933 figure, or by approximately the amount of the 
increase in Archer County. The remaining fields, thanks to acid treat- 
ment and to routine development, just about held their own. It is 
believed that the year 1935 will show a recovery somewhat higher than 
1933, but lower than 1934. Routine drilling may be expected to con- 
tinue during the year, with a gradual tapering off of development in the 
“Lime” area of Archer County. The North Texas district is far from 
“through”; and numerous, although perhaps unimportant, discoveries in 
both wildcat and semiproven areas, together with the development of 
production in lower horizons as yet unexplored, will maintain the produc- 
tion of North Texas at or above its present rate for many years to come. 
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Oil Production and Development in North Central Texas 
in 1934 


By T. F. Perry* 


(New York Meeting, February, 1935) 


Ow and gas production in North Central Texas has been found in 
sands and limestones in the Cisco, Canyon, Strawn and Bend series of 
Pennsylvanian age and in lime of pre-Pennsylvanian age. Production 
ranges in depth below the surface from 150 to 4500 ft.; a few wells have 
’ been drilled to depths in excess of 5500 ft. and penetrated rocks of pre- 
Cambrian age. In Table 1, the average depth of the pools is shown. 
No mention, however, is made in this table of approximately 30,000 bbl. 
of oil produced in Callahan County from a pre-Pennsylvanian pay, 
presumably the Ellenberger, and an excess of 1,000,000 bbl. of oil 
produced from limestone, which has been identified as Silurian in the 
south part of Young County. This well is being produced at the present 
time. In Table 1 a great many pools of minor importance are listed, 
which are merely productive spots, and throughout the various producing 
counties there are numerous similar spots, which might be listed as pools. 
Their production, however, is listed in the county totals. 

In Table 2, the totals of the oil wells, gas wells, and dry holes drilled 
before Jan. 1, 1935, include only wells on which records are available to the 
writer. In Brown, Callahan and Shackelford counties 2924 very shallow 
wells (150 to 600 ft. deep) have been drilled, on which the record is not 
available. Possibly there are other wells that were drilled before the 
district was adequately scouted. No classification as to the depths of this 
total of 30,644 wells is available at present. 

Initially, nearly all the oil wells of North Central Texas produced 
gas, and several areas producing dry gas have been partly developed. A 
number of casinghead gasoline plants strip the gasoline from the gas 
produced with the oil, and the manufacture of carbon black is an impor- 
tant industry in Stephens County. Dry and residue gas are marketed 
through systems serving the various towns of the district, San Angelo to 
the southwest and the cities of Forth Worth and Dallas to the east. 
Considerable gas is used in repressuring several pools, the most important 
of which are the Stover of Brown County and the Cook of Shackelford 
County. During the past year, 32 gas wells were completed, adding a 


Manuscript received at the office of the Institute Feb. 18, 1935. 
* Humble Oil & Refining Co., Cisco, Texas. 
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; Tasue 1.—Oil Production in North Central Texas Saat 
Area Total Oil Production, Bbl. ‘ 
Age | Proved, 
Yeu: Acres 
by 2 Daily 
Field, County be } 2 
q End To End of | During | During | Average 
5 of Oil 1934 1933 - 1934 Nov 
1934 1934 
# 
ia |e eee eee 
~Aleorn,, Broign..scstees sneer ee ena 7 100 106,661 y 10,121 14 
> ey pee We eR nr Rac iain eo 8 290 773,478 y 65,260 90 
$'| Byrd-Store, Brow. sno =e 11> ale eeiviers ole soleil 14 250 375,841 y 9,534 25 
4 \‘Ghildress; Brown. .c< 5 « sss sees eae 7 180 659,536 y 28,116 83 
5 | (Clark-Buffalo, Brown's. «<2 sales eo eevee ase 7 460 715,108 y 22,802 58 
6 | Cross-Cut, Browtiis.. oc cies cee vajgns aie snee ass 13 2,300 5,619,617 y 170,875 439 
7 | Wry, RTOWN YS! eeaicie.oietalt ste = Gn clete ole ete. = (atete: Srrnseistane 9 0 7,287,699 152,140 133,578 314 
Si) \Georwe, Browns. car. G21 ste 9/eler ai aRcaeantelar aero 7 200 657,527 y 1330 74 
Q)| Smith-Hligs, Brown. .2220 be. oe sles acl cm ebiattes 8 450 2,068,689 37,019 103 
TON ShOver; Brows. ate c.ccic- > clevecnteinte -he'slapeleteiel~s< she lolaas 8 1,500 6,290,910 236,551 221,465 585 
FHM Le Nn: MS SE erm, oe ene 12/200 | 26,689.741y | 851,447 | 821,618 | 2,102 
19)|(Baum’s Callahansi.s-de+- xa tone date ntaiee 9 500 780,419 y 37,065 94 
13 Hatchett, Callahia: eae eens 7 375 1,048,985 y 86,013 197 : 
14} Isenhour; Callahan. 7c <stec-1 tis « vlmiet= join -!-in)* «iste > = il 600 1,906,153 y 66,684 170 ( 
ASM outrenys Callan se rcrax xtara rw lnlealesete ett To rage ele 8 400 1,963,884 y 150,241 375 
16 lei otal ces: Sueneeee tek ees Pee es. eee 11,250 | 11,604,346 | 631,516 | 617,636 | 1,582 
17 | Burkett (Shallow), Canes PAA eee aE? Mo nee 10 850 1,919,309 y 121,391 315 
18 | Burkett (Deer), Colemant:.c sietteeae ate 4 200 590,448 | 132,721] 64.951 153 : 
19), Dibbrell, \Colemairwsc > 24:0 4-0laei d= clapper ee 7 170 298,215 y 15,330 48 
‘20 Eastland, Colne Rese ate eri W re $e Aa 270 1,780,409 y 64,689 165 . 
21)| Jennings; Cobemans tee. citag: 2=\-\- ieiwieioid tile 7 135 420,002 y 18,714 63 
29:1; Overall, Coleman <caueiacure.a care rasieie iara cere eee te 8 200 1,024,726 71,565 *63,505 166 
23 | Santa Anna, Coleman. am. sepa 3 150 378,765 y 12,901 36 
24 | Stewardson, Coleman f 4 180 306,423 y| 34,159 99 . 
Oil wechotal’. Ched.e os Sa-PRaesnieiadad: anaes 3 3,050 8,083,937 617,134 496, 197 1,362 
26 | Sipe Springs, Comanche.....-...-.-.seee-eeeee- 15 800 1,325,786 21,037 22,271] 56 
D7 ELSI DUTT WE ESCULRG acts tas ate crete, he ehe te elee meslae aia lege 15 400 1,073,799 y 10,400 27 
28 |‘Mangum, Bastland.% <5 «1. .ljede vee eles oie 12 300 587,054 y 80,391 211 
DO PIONGOR GSO. <n /acnigere was oiaciniemautmeercioteets 15 1,400 5,061,487 y 133,505 344 
30)| Kamsour, Hastland... i. <. cts 3 sy -hitaaes Wet «or 9 250 1,336,790 y 37,908 101 
31 DObals cs wraca at creak» ings ns oes 9150 We a 29,850 69,225,992 904,595 | 1, 0027 957 | 2,670 
32 | Desdemona, Eastland, Erath, Comanche........... 16 6,175 22,234,504 291,336 238,524 587 
33'| Royston Pisher...teg sass aie » alee erekie aoe eenas 6 1,680 4,146,119 965,457 | 1,625,413 | 5,298 
SA TMOOR SE OSheh coe me . -» 9c. aletaiets sae udeteigeicio nee ‘if 40 79,981 10,136 8,173 21 
oN RTIGRR) a ONES cried « cisjaiets SY *<igissoie eiaisseze <b oie Rates 40 40,594 y 2,254 er 
36;|, Kings Jionesin.7 vtah oes smtse eek nace Fee ohn he 105 126,547 y 22,915. 57 
37 | Noodle Creek, Jones... 7 1,030 5,484,673 619,830 598,328 1,124 
38) Bayles: Joneses cnpece uaep raw tes dake « CoCr ae 2 100 52,291 y 27,838 96 
39) | Sellars, Onasch <gatertsaniasiaao’ aes.ceeits taalek oe 1 40 10,859 y 10,754 56 
460i) Dotal sigh dascepes ea = oa cee ees eeekbe ates 1,345 5,724,996 679,393 669,199 1,416 
41 | Dalton, Palo Pinto..........00eseerecseeer seen: 13 160 334,452 y 4,665 10 
A2'\ Hanh, Cho Ent oa cnsselaiaipiaitele’(asnselte leis niet Walenta a 14 600 750,669 y 3,697 9 
43:1 Strawn, LG CUin:. xc duem cc pide ssiee ne een 20 1,150 2,611,393 y 71,555 187 
44" Ful otal ie tect oc ke eae ee ee ee 2,400 | 4,207,530 | 130,788 | 130.475 | 343 
45 | Ladd-MoMillan, Runnels..........2.0.0.0e00004 8 170 571,500 80,512 | 372,493 | 1,163: 
46 | Cook, Shackelford’. .sidaceces hope cana: ae 9 | 1,300 | 11,943,433 | 1,243,700 | 8011973 | 2062 
ATELY Gy SHOCKOL ONO viv ciksw Ay. ap tare witataieicia eile foe ene 9 115 278,459 y 13/139 35 
48 | Hope, Shackelford.............s0s000-. Ss) 1 220 | 1,006,449 y| 67,476 | 297 
49 | Ibex, Shackelford... . ‘nih ae 1,240 2,256,095 y 44,404 102 
50 | Bluft- Creek, Shackelford wshhe Waledde 4 300 538,017 y 288,649 848 
51| Newell, Shackelford................+++2s0eee, 9 315 557,955 y| 128000! 312 
52 | Petroleum Producers, Shackelford...............- 5 100 95,356 y 9,552 18 
53 | Simmons-Harvey, Shackelford............+...000. 9 90 154,763 y 42,012 216 
54 | Tannehill-Matthews, Shackelford................ t 250 1,671,425 y | 121,100 389 
1 Rida ebaiireeeadt Metal hare, is, 0 ica 11,650 | 26,415,101y | 1,167,014 | 2,0111797 | 5,460 
66'| Curry, Stephens: cans. conte cee comeimareeeniees 14 2,580 9,024,838 114,011 3 
57,| Strawn, Stophénas- ce nae Ge ccialece ee toes 17 850 4,140,619 : ge ; oe 
D8) LOCH eee cote cis eye's 8s 5 ancl ere ee cee eee 48,000 | 118,765,883y | 1,869,007 | 2,009,754 | © 5,192 
50") Laylor County; Total... ...10ah 6. nae ae armeneee 6 170 153,636 25,781 | © 39 : 
60 | Woodson, (Deep), Throckmorton.............005- 10 260 1,542,836 140,041 ‘ayes sar 
61} Woodson (Shallow), T’hrockmorton..........-.00 9 120 578,464 36,730 46,535 108 
62 OAD acid vaca: tna ote a ae 1,115 2,613,679 234,596 241,147 541 


eee eee 


— il i. a ne en ———— 
fe ° 
: 4 


T. F. PETTY 423 


TasLE 1.—(Continued) 


Ar Total Oil Production, Bbl. 
Age | Proved, 
In| <Acres 
ke AA P 
3 Field, County to fest 
g End To End of | During | During de 
= 1934 | Oil 1934 1933 1934 Nove 
=| 1934 
4 
63 | Bunger, Young........ SO ne SU oar 13 1,040 3,523,116 85,036 89,333 220 
BAN pr COUNG A: mac ey, <cclee sine yacis ee eaten leis 8 380 1,557,981 81,119 54,234 132 
65 | Herron City, Young............- 5 ee 13 500 1,522,480 20,249 19,324 43 
GOUMKaSinger ay DUNG ess orcs ans. soma eee Ae esis 5 410 1,839,190 219,395 206,399 442 
BZ NOt BONG: EOWA 0. cen co cscs mie oat <0 .0iaFe big 1,440 9,718,463 198,493 176,027 451 
GSU Nortnetal iY Ouni sca ccm cas pre tei er. eo ove 10 4,471 20,529,092 | 1,962,982 | 2,242,275 5,500 
69 De ee Ss 0 ee ee LAS See 12,721 48,178,316y | 3,041,752 | 3,593,897 6,489 
TO MEADTELODE HEC Bc a). 5 cars. ofhiara'jso > coal eee <lee tree = Ye 330 256,594 23,515 22,429 40 
FRIST VODs CK es a2)s) cee me sis See oe 6 a6 le 600 3,083,125 287,952 277,748 828 
PO MABUGEATIG I GCIs oo n.5\c Hein sc tos on ahoieete elses oa 760 2,097,868 172,212 202,487 532 
TE AUtiral- DOV, J AChkc< 4.1.22 sc. - Holenate ae «+ «ote 10 9,645 0 0 0 
74 ty TRUS ge iO he oe ee en ai One ante 1,700 5,447,232 483,679 502,664 1,400 
75 DOMES Rictee cks ree eee ee eS as 144,316 | 355,469,279 |12,005,180 |14,341,413 | 34,177 


potential production of 153,000,000 cu. ft. The total gas potential of the 
entire district is not available but it is considerably more than the present 
market outlet. There is little wastage, as most of the dry gas wells are 
shut in and the market takes care of that produced with oil. 

During 1934, there were drilled in North Central Texas 419 oil wells, 
with an initial production of 40,600 bbl. daily. Two hundred seventy-five 
wells which produced from limestone pay were treated with acid, with 
an increased potential of 12,557 bbl. Production has averaged about 
35,000 bbl. daily, about 98 per cent of the wells being marginal and 
produced under the Texas Marginal Well Law, with additional allowable 
being based on a small percentage in excess of the marginal well allowable 
of 10 bbl. from wells less than 2000 ft. deep, 20 bbl. from wells 2000 to 
3300 ft. deep, and 25 bbl. from wells deeper than 3300 ft. The total 
potential of the district is estimated at 50,000 bbl. daily. 

~The most important developments during the year are as follows: 
in Brown County, a new discovery was made northeast of Brownwood, 
which might prove to be a small pool in the lower Bend limestone; three 
failures to find pre-Pennsylvanian production in Callahan County were 
recorded; two such failures were recorded in Eastland County; in Fisher 
County, the Royston pool reached a new peak of 5298 bbl. daily during 
November from 63 wells, 22 of which were completed during 1934; the 
Sellars pool was discovered in southeastern Jones County, and a new well 
was completed 114 miles southwest of the Higgs pool; in December, in 
drilling for water, 544 miles west of Mercury in McCulloch County, oil 
which flowed 25 bbl. in the first 24 hr., from a Strawn sand 670 ft. below 
the surface, was encountered, the discovery of which promises to add 
McCulloch to the list of producing counties; production has been main- 
tained at about 5000 bbl. daily in Stephens County by the use of acid, and 
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HScscmmenm [Line Nomber 


Average Oil 
Production, 
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Per Acre to 
End of 19346 


Number of 
Wells 


Produci 
Oil at E: 


of 1934 


mi 


TaBLE 1.—(Continued) 


Average 
Depth, Ft. 


Bottoms of 
Productive 
ells 


ial! of Oil 
x. Average 
Amite 1934 


Gravity A.P.L. at 
60° F. 


ERREERERSER 


SSeark 


Producing Rock 
4 < 3 
Name Ageo i 3 
o 
6| 8 
Fry sand Pen} S |ML,N 
Fry san Pen| S | ML,N 
Bend Pen} L A 
Childress sand Pen| S | ML,N 
Fry sand Pen} S |ML,N 
Cross Cut sand Pen} S | ML,N 
Fry sand Pen} S |ML,N 
Fry sand Pen g ML,N 
Fry sand Pen ML, N 
Blake sand Pen| S |ML,N 
Cross Plains sand Pen} S |ML,N 
Moutray,sand Pen| S ML 
Isenhour,sand Pen} S ML 
Moutray sand Pen} S ML 
Burkett sand Pen} S ML 
Cross Cut sand Pen} S | ML,N 
Gwinnup sand Pen} S | ML,N 
Gwinnup sand Pen} S | ML,N 
Fry san Pen| S M 
Canyon-Strawn Pen} § A 
Fry sand Pen} S | MLN 
Fry sand Pen| S | ML,N 
Strawn Pen} S bs 
Ben Pen} L MN 
Strawn Pen| S ML 
Caddo lime Pen| L AP 
Bond sand Pen} S N 
Desdemona sand Pen} S A 
Royston Pen| L A 
Hope Pen] § N 
Petroleum Producers sand | Pen} S N 
Petroleum Producers sand | Pen| S A 
Noodle Creek lime Pen} L |MC,N 
Petroleum Producers sand | Pen| S$ ML 
Tannehill sand Pen| S ML 
Bend Pen| L N 
Bend Pen} L N 
Strawn sands Pen| S | ML,N 
MeMillan sand Pen| S |ML,N 
Cook sand Pen| S | ML,N 
Fry sand Pen| S |ML,N 
Hope sand Pen} S |ML,N 
Caddo lime Pen| L N 
Petroleum Producers sand | Pen| S | ML,N 
Tannehill sand Pen| S | ML,N 
Petroleum Producers sand | Pen| § N 
Petroleum Producers sand | Pen| § N 
Tannehill sand Pen| S |ML,N 
Caddo lime Pen} L A 
Strawn sands Pen| S |ML,N 


5 Footnotes to column headings and explanation of symbols are on page 249, 
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TasLeE 1.—(Continued) 
oe eee ee ee ee eee ee 
Average Oil Character of Oil 
Production, Seen Approx. Average Producing Rock 
bl. Des during 1934 
Number of 
ae 
ucing 4 
3 Oil at End Cay E at ny 
g Per Acre to | of 1934 Bottoms of % B 3 
5 | End of 1934° Productive Name Ages 3 3 
2 Wells wae a, PI 3 
5 Maximum | Minimum Bl 
iS) nm 
59 904 9 2,500 38 36 Cisco Pen | L, 8 N 
60 5,934 10 3,900 39 37 Caddo lime Pen| L A 
61 4,820 11 1,800 38 36 Canyon, Strawn sands Pen| S ML 
62 2,344 173 39 33 
63 3,387 54 2,600 38 36 | Strawn. Pen| S A 
64 4,100 14 3,900 38 36 Bend, Strawn Pen | §,L A 
65 3,045 20 2,600 38 36 Strawn Pen} S | ML,N 
66 4,486 41 2,500 38 36 
67 6,749 84 4,200 38 36 Strawn Pen} S |ML,N 
68 4,592 1,544 4,140 39 33 Cisco to Bend Pen | 8, L | ML, N 
69 3,787 1,845 40 30 
70 778 70 600 y y Cisco Pen| S N 
71 5,139 88 3,100 y y Strawn Pen] S N 
72 2,760 43 2,050 y y Strawn, Bend Pen | 8, L N 
73 964 1 2,425 y y Strawn Pen| 5S N 
74 3,145 202 y y 
75 2,463 9,210 48 30 


a well in the southern part of the county indicates, if mechanical difficul- 
ties are overcome, the probability of producing some pre-Pennsylvanian 
oil; several new productive spots were discovered in Shackelford County; 
the Ladd-McMillan pool in Runnels County was extended from 6 to 16 
producing wells, reaching a peak production of 1496 bbl. daily during 
September; and considerable new development of Cisco to Bend produc- 


tion was experienced in Young County. 
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Taste 2.—Summary of Drilling Operations 


County 


Coleman.......... 


Somervell......... 


‘Taylor... snepem 


J , — 


<_< 


Oil Gas Dry Total 

2,031 181 1,490 | 3,652 21 4 32 

1,023 91 1,152 | 2,266 9 1 27 

y y y y y y 

505 137 755 1,397 5 1 26 

160 68 211 439 1 0 2 

2 1 46 49 0 0 1 

0 0 y y y y y 

0 0 36 36 0 0 0 3 

2,236 304 1,185 3,725 603 16 6 12 

124 70 115 3 114 0 0 0 

67 0 69 136 63 22 0 9 

6 1 47 54 6 0 0 0 

0 2 9 1d 0 0 0 0 

303 17 327 647 202 18 3 61 

141 0 139 280 115 16 ~~ 19 

0 7 53 60 0 0 0 1 

1 0 14 15 0 0 0 0 

0 1 21 22 0 0 0 0 

283 173 317 773 214 4 12 6 

0 2 22 24 0 0 0 6 

22 1 54 77 16 14 0 8 

0 0 8 8 0 0 0 1 
1,482 73 1,404 2,959 1,679 99 b 75 175 
0 0 3 3 0 0 0 0 0 
2,910 246 1,046 4,202 785 5 z 1 7 
0 0 y y 0 0 0 2 2 
13 2 68 83 9 1 0 4 5 
320 48 426 794 173 1 3 9 13 
0 0 29 29 0 0 0 2 2 
2,621 38 3,011 5,670 1,845 187 0 15 202 
14,250 1,413 | 12,057 | 27,720 9,210 419 32 322 773 


1 Desdemona pool in Erath, Eastland, and Comanche counties, 
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Oil and Gas Development in the Texas Panhandle for the 
Year 1934 


By T. C. Crata* 


(New York Meeting, February, 1935) 


For the year 1934, there were 382 oil wells completed for a total 
initial of 146,965 bbl. Fifty-three wells were deepened for a total increase 
of 8363 bbl., bringing the total volume of new oil to 155,328 bbl. As of 
Jan. 1, 1934, the daily potential of the field as determined by the Texas 
Railroad Commission was 159,740 bbl. Of this amount 26,429 bbl. is 
“marginal oil,’”’ and 2682 bbl. is exempt on account of water. | In Decem- 
ber, 1934, the daily potential was established by the Railroad Commission 
as being 297,501 bbl. with a daily allowable of 56,800 bbl. Of this 
amount 31,993 bbl. is ‘“‘marginal oil,” and 2183 bbl. is exempt on account 
of water. 

There has been no field-wide test made during the yedr, and as a 
result the rated potential of the field is in all probability much higher 
than the actual potential. As each new well comes in, a five-day test is 
made under the supervision of the Railroad Commission. The potential 
thus established is added to the field potential and shares its pro rata part 
of the market outlet, which is the allowable production, no allowance 


TABLE 1.—Oil and Gas Production in Texas Panhandle 
sir 


. . Average Oil 

Area Proved, Acres Total Oil Production, Bbl. ewes 

g + |S x 

Count 3 2 Z 3 

5 = | oil ; : we ‘ae 

To End of | During During Bo |S ia.o 

q Be eee Total 1934 1933 134 | BA |e a 

Z mepo eo ler le a 

2 Sue 23 | eS\52 

cs | Pa 3° a a) fu lay uv 

{Garson ini cemcitiecn se ee 13 | 15,000) 187,240) 202,240 21,314,012 | 1,735,200] 1,910,765 | 4,658 1,421|17.8 

ON GFay aetna: Gat 9 | 39,000} 102,100) 141,100 110,006,055 | 10,395,226 | 20,561,355 | 32,440) 2,821 31.0 

Ch aineeeas spourecd 6 0 1,200 1,200 
4 koe pSweaad oD ee 12 | 47,800] 154,672) 202,472 103,740,407 | 4,000,410] 4,450,476 | 12,098) 2,170 16.3 
5)|| Moore: t/f 4.0 5-cte == + 8 1,000} 320,000) 321,000 2,387,582 351,971 321,677 | 1,083] 2,387|77.4 
6i| Potter ci: oie reese es 15 0} 107,520} 107,520 33,822 

7 | Wheeler.......-..----+> 9 7,500} 140,900} 148,400 3,263,918 149,840] 1,368,945] 6,411} 435)49.3 

8:| Total). .2< f.ee.. hee 110,300] 1,013,632 | 1,123,932 240,745,796 |16,632,647 | 28,613,218 


« Footnotes for table heads and explanation of symbols are on page 249. 


Manuscript received at the office of the Institute Feb. 19, 1935. 
* Phillips Petroleum Co., Amarillo, Texas. 
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being made for decline. While the actual potential of the field is 
fictitious, for all practical purposes, it makes very little difference from 
a field-wide viewpoint, on account of the limited market outlet. 

Dry Gas.—There were 67 gas wells drilled during the year with a total 
initial open flow of 2,320,800,000 cu. ft.; 38 depleted oil wells were plugged 
back for gas with a total initial open flow of 229,700,000 cu. ft., increasing 
the open-flow capacity of the field to approximately 19,000,000,000 cu. ft., 

-exclusive of casinghead gas. 

Operating in the field are 17 natural gas pipe lines, 8 of which are local 
and 9 interstate, which withdrew a daily average of 376,381,912 cubic feet. 

Natural Gasoline.—Operating on both casinghead and dry gas are 
49 natural gasoline extraction plants with a total daily capacity of 
2,287,500,000 cu. ft. The daily average withdrawal for the year was 
1,577,257,939 cu. ft. The total gasoline manufactured from these plants 
during 1934 was 293,055,462 gallons. 

The average gallons per thousand has declined 0.18 from that of the 
preceding year, because of the processing of less casinghead gas and 
more dry gas, as permitted by the so-called ‘‘Sour Gas Law.” The 
‘“‘Sour Gas Law’’ permits the unrestricted use of gas from any gas well up 
to 25 per cent of its open-flow capacity. Where no market for the residue 
gas is available, it may be released to the air. On account of the con- 
troversial nature of the dispute between the gas pipe line interests 
and strippers brought about by this law, the writer does not care to go 
into the matter, except to state that a heated battle of words via 
newspapers and the radio has ensued since last October. It might 
appear from the viewpoint of the casual observer that the solution should 


TaBLE 1.—(Continued) 


A 
Total Gas Production, Millions Cu. Ft. Number of Oil and/or Gas Wells Depth Pressure: 10 
Ft. per Sq. In.e 
During A 
ALE verage 
1934 ¥ Hind pi ives at End of 
Maxi- ws iS 
To End of | During | During Daily S 
ee ; y 3 S 
5 1934 1933 1934" | during | 23 es 3 A ie 2 
E 1934 | B=) SB] 8 | wel eS] eB) 2] 22) SS] fiosse|ros 
2 BS] 8] § |8s}s8\35| 8] 88] 28 
Big | nS 530/s5e8|35 a3/s 5] og "a 
E Ba| & | | =e|#5|28|/22|22)/S2|3 
ic OF) S| = ES ES ES 84 | sail Se] 3s 
1 500} 33) 4 86) 177] 205 | 468] 3,150] 3,050/430| 381 
2 1,324] 219) 7 | 428) 644] 166 | 1,238] 3,100] 3,000/430| 360 “ 
: 4 0} 00 0 0} 4 4) 3,200} 2,900/430) 428 | y 
4 1,414| 62) 75 | 436] 325] 157 | 918) 3,000) 2,900/430] 327 | y 
4 00 Sic=0 1 2| 76 91} 3,500) 3,400)430) 416 | y 
: 42 0} 0 0 42 42) 2,500) 2,300/430} 420 | y 
408} 127) 3) 107) 38! 253 | 398] 2,550] 2,450/430| 382 | y 
8 | 4,630,179. 51 | 471,120! |715,268.51 | 2,299! | 3,792} 449) 89 | 1,070} 1,186) 903} 3,159 


1 Gas figures are composite for field. They are the best available but are subject to correction. 
2 Weighted average rock pressure based on 1,379,816 acres as total area of field (both proven and Semiproven areas). 
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easily be obtained. Theré’is a point of equity on both sides, however, 
which cannot be overlooked. 

Carbon Black.—There are 27 carbon-black plants in the area and one 
under construction. Twenty-six plants operated throughout the year, 
consuming a total of 163,983,709,000 cu. ft., or a daily average of 449,- 
270,435 cu. ft. of residue gas from the natural gasoline extraction plants. 
We have been unable to obtain information concerning the type of black 
made, or the recoveries, but it is estimated that the average yield is 
1.5 lb. per 1000 cu. ft. of gas. Assuming this estimate to be correct, there 
were 245,975,563 lb. of black manufactured during the year. 

Refineries.—The total daily refinery capacity for the Panhandle is now 
rated at 78,250 bbl. The total oil run to local refineries during the year 
was 11,000,730 barrels. : 

Wildcat Operations.—Three wildcat wells were drilled during 1934, all 
of which were dry. At the close of the year, four wells were still drilling, 
one of which is in Randall County and now drilling at approximately 
5600 ft.; another is in Childress County, drilling at 5200 ft. These wells 
are the deepest tests to date on the south side of and closely adjacent to 
the buried Amarillo Mountains. One of the most important wells that 
has been drilled in the area is the Phillips et al. No. 2 Wilson, sec. 157, 
block 3-T, T. & NO. Survey, Moore County, Texas, which was abandoned 
at 8013 ft. in Arbuckle dolomite. 

New Development.—Wheeler County came to the front during the 
year in that there were approximately 514 miles of additional granite 

TaBiE 1.— (Continued) 


ee ee 
Character of Oil Deepest Zone 


Approx. Average ee Producing Rock Tested to End 
during 1934 Approx. of 1934 
= Average B 
Gravity during 
A.P.L. at 1934 3 
60° F. z, 
Sx 
: 35 * 
o . 
ale ree Pe Name Ages are) Name | ™* 
. 2) 8 3 |3™ Az = 
a2) 4 = o BE 5 2 a | we fen] 
g|q 2 x 130 ae ances a 
g S| 5 3B Au g 3 = 5 uP 6 
z|8| | 4 ria RC Ae OI 8 |8| 43 3 
Rl bo 3 o 3 + kh 5 Sal teh a 
2) a\s\81.3 | 8-2 2 a | S| 3 8 
A l|a\a|E | a2 |e] ajo Do |alsZ fal 
45| 32| 39 | 0.6 | M/ 1,094 |0.43] Big Lime Series (Wichita-Albany) | Per | D,Da | Af] 35 
; Upper Penn (Undifferentiated) Penn | GW 
2 | 45! 31] 39 | 0.4 | M|1,103 |0.70| Big Lime Series (Wichita-Albany) | Per | D, Da 122 
Upper Penn (Undifferentiated) Penn | GW Af 
3 Big Lime eles areas ve , s Af] 11 
29| 35 | 0.8 |M}1,106 |0.47| Big Lime Series (Wic ita-Albany) | Per Da 
ene? Taper Penn (Undifferentiated) Penn |L, GW| Af} 34 | Arbuckle | 5,333 
5 | 36] 30| 31 | 0.8 | M/ 1,056 |0.30] Big Lime Series (Wichita-Albany) | Per D 
Upper Penn (Undifferentiated) Penn |L,GW|Af| 12 | Arbuckle | 8,013 
6 1,069 Big Lime Series (Wichita-Albany) | Per D 
Upper Penn (Undifferentiated) Penn | GW Af] 12 
7 | 44| 30) 35 | 0.4 | MJ 1,070 [0.28 Big Lime Series (Wichita-Albany) Per | D, Da 
Upper Penn (Undifferentiated) Penn |S Af a 
8 


De ee ee Oa a 
~ 3 Dry gas, 30 in, at 60° F. 
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wash trend developed. A granite wash pool of small size was also — 
developed in the eastern part of the county. 

The Texas Company completed its No. 1-C Taylor, in sec. 52, 
block B-2, H. & GN. Survey, Gray County, for 233 bbl. This well is 
on the apex of the structure, in an area previously considered to be gas 


TasLe 2.—Summary of Drilling Operations in Texas Panhandle 
(Figures in body of tabulation represent number of holes.) 


ee ee ee ee ee ee ee ee ee ee See 


Completed Prior to Jan. 1, 1935 Completed during 1934 Drilling or 
Incomplete 
; at End of 
Dry and/or Near-dry Holes | @ Dry and/or Near-dry Holes 1934 
: 
Total Depths, Ft. re Total Depths, Ft. 
County S 
2 _ 
a = 
Sia} Paes 
‘ . Ea B2/3)]. 
=) e\|s =) Se ts |S) ais of or) 
2/8/2)8/2/8| |22/2/8/2 7848) bea =| 3 
a of = a} ols Se N oO P=) ° o s Fe 
g|g/3/8|8 \s|Z| 23/818 /8 | 1s leleeal 2| = 
= SR] | = SB |S/e)] a =|a (8/3/18 |SlETF| & g 
Armstrong)? 7, sa. fs taaioes 2| 3 5 
Bailey ir 1 
Bhs 1 1 
‘arson 4 | 8] 22 1 35} 500 2 
Castro 1 1 2) ae : 
Childress... . . 5 | 4) 4) 1 1 15 1 1 1 
Collingsworth 3 7 5 15 1 1 1 
Cottle we Be 2h Sy 9 
Dalla. cncotrs xatis..teraysiessetior i 2) 1) 2 6 1 
1 1 2 1 1 
(a 8 
fe 2 2 
3 69] 5 122} 1324 3 
1 i i 3 3) 219 64 2 
3 3| 3 1 10 
4 ae 3 
Pr) 1 ll 4 
2 | 10 9 1 i 4 
1 34] 1414 1 
1 te 3 1) 62} 27 2 
1 sae 3 i, 4 
1 1) 12} 100) 1 
a] 5 7 eae ae: 8) 5 
1 1 2 
4; 4) 1 1 10 
2 1 3 
3] 5] 4 ; 12 42 1 
|S a 5 1 
1 1 1 3 9 
13 | 37 3 i 4 
1 54] 408 10 
40 |132|173| 48 | 12] 1 [406| 3792 | 2/13] 5| 1] a loal agg | aar| 14 


1 Two deep dry tests plugged back for gas. 


territory only. There is considerable variance among geologists as to 
whether this opens up another pool, or is just another freak condition 
for which the Panhandle is noted. : 

The Humble Oil and Refining Co. No. 1 Logan, in the Pedigo Survey 
of Hutchinson County, was completed for 44 bbl. per day from the 


dolomite. This well extends the dolomite trend some 8 miles from the 
nearest production. 
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Drilling.—A new method of drilling through horizons developing 
large gas flows by pressure equalization was worked out by E. N. Arm- 
strong, engineer for the Shamrock Oil and Gas Co., on wells in Moore 
County. While the equipment used is not new to theindustry, it had not 
been applied in this field. This method of drilling is a solution for the 


handling of large gas volumes encountered while drilling through cavern- 
ous formations. 


Oil and Gas Development in Southwest Texas during 1934* 
By Our G. Betut, Memper A.I.M.E. 


(New York Meeting, February, 1935) 


Tue year 1934 in Southwest Texas was marked by aggressive develop- 
ment and exploratory work and resulted in the finding of five new fields 
and a new producing horizon in one of the older fields. This activity is 
the result of a reasonable market outlet for production, on both oil and 
gas, and the fact that drilling and operating costs are reasonable and 
that possibilities of finding new productive areas are rather high. A large 
part of the area is prospective and very little, if any, satisfactory surface 
geological work can be done. This, together with the possibility of 
finding new productive areas, stimulates wildcatting throughout the 
counties under discussion. Development work continued actively in all 
of the newer fields. 

Exploratory work was most intense in Duval, McMullen, Starr and 
Zapata counties. The activity in Duval and McMullen counties was the 
result of persistent efforts to find new trends of production similar to and 
perhaps associated with the Government Wells group of fields. The 
activity in Starr and Zapata counties was stimulated by the discovery of 
the Sam Fordyce field in Hidalgo County as well as the continued effort 
to find new productive trends southeastward from some of the older fields 
in northeastern Zapata County and western Jim Hogg County. 

Statistics on production are shown in Tables 1 and 2. 


New Fieups 


Lopetio.—The Lopefio gas field in the southwestern part of Zapata 
County was opened in August, 1934, by R. B. Morrison No. 1 Ramirez. 
This is an anticlinal structure mapable in Claiborne beds and the produc- 
ing horizon is the Queen City sand at 2100 ft. in the Upper Mt. Selman. 
At the close of the year only two gas wells had been completed but drilling 
operations were in progress on several other wells and a gas line was being 
laid to the field so that withdrawals from the area will begin early in 1935. 

Comitas.—The Comitas field was opened by Merle Gunby No. 1 
Haynes in a sand at 800 ft. in an area southwest of the Escobas field. 
The discovery well had an initial production of only about 16 bbl. of oil 


Manuscript received at the office of the Institute Feb. 16, 1935. 
* Published by permission of the Humble Oil & Refining Company. 
{| Geologist, Humble Oil & Refining Co., Laredo, Texas. 
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per day. One other well drilled in this immediate vicinity was dry and it 
rather appears that the productive area here will be small. 

Labbé.—The Labbé field in northern Duval County was discovered 
by the Magnolia Petroleum Co. No. 1 Labbe, completed as a 30 million 
cubic foot gas well in a 2400-ft. sand, Nov. 26, 1934. This is the first and 
only well drilled in this immediate area. There is no market outlet for 
this gas at present but this discovery probably opens an important 
producing area in this part of the district. The producing horizon is in 
the McElroy member of the Jackson, 

Colmena.—The Colmena field in western Duval County was opened by 
Mills Bennett No. 1 Duval County Ranch Co. as a 15 million cubic foot 
gas well, Dec. 7, 1934 in a 1500-ft. sand, Whitsett (Upper Jackson) in age. 
There is no market outlet for this production at the present time. This 
well likewise apparently opened a producing area in this part of 
the district. 

Loma Novio.—The Loma Novio field, in northern Duval County and 
east of the Government Wells field, was opened by the Humble Oil & 
Refining Co. No. 1 Ruiz, completed Dec. 24, 1934, in a 2700-ft. sand. 
This sand is McElroy (Middle Jackson) in age. While only one well had 
been completed at the close of the year, activity by several operators was 
started early in 1935, and this field probably will undergo rather active 
development during the year. 

Cole.—A new producing horizon in the Cole field of Webb and Duval 
counties was opened by the United Production Corporation in July of 
1934. The pay sand is at 3400 ft. and is in the Upper Saline Bayou 
(Lower Yegua). Up to the close of the year 21 wells had been completed 
and the daily average production was approximately 1300 bbl. under 
proration. The gravity of the oil is 41.7°. 


PRORATION 


While theoretically all of this area was under proration during the 
year, actual restriction was confined only to the newer fields, particularly 
the Government Wells group and the Cole field, which were fields capable 
of producing much greater quantities than the allowable. In the other 
fields the allowable set was essentially the same as the potential output 
of the field. 


Gas DEVELOPMENT 


Southwest Texas has long been an important gas-producing area and 
there has been considerable effort to develop new gas production as well 
as oil production in order to keep pace with the demands for gas in this 
territory. This has resulted in considerable gas development work in the 
Martinez field of Zapata County and the gas areas of the other fields. 
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TaBLE 1.—Oil and Gas Production in Southwest Texas 


Average Oil » 
x Area Proved, Acres Total Oil Production, Bbl. Production, 4 
s | 7 
3S = ; ost 
= S ig le 2 
. <3 ow ee 
Field, County ey . . -/RQ jews ys 
go To End of | During | During om 2 = 
i : Gas | Total | “"y9341 | 1933 | 1934" He Pear Sel Sc 
=| 5m Ey . 
a 
Z oe as lols a | 
8 & A ee ee 
Si. Pane aE ce en ei ef ers 
1| Reiser, Webb.........-.....-- 26 1,280] 1,280 0 0 
2| Jennings. Zapata............. 21 = re : : : : : . 
| Growthieey, I ob eee dey trees ar 220] 430| 763,687} 29,459] 13,788] 35| 3,636] 279] 1.0 
5 Ce nnat aie Govta Feree i o| 336| 133,073] 9,407 4,521 —« 19} 396] 49] 0.2 — 
6 | Mirando Valley, Zapata ee: 13 120} 235 607,759 11,578 10,742 29) 5,285) 352} 0.9 
7| Carolina-Texas, Webb........ 
8 1,200-ft. sand............] 13 80] 80 0 “ 8 ‘ : : ; 
Ot 07 00 Tien ro least 9 10,636] 30] 1,836| 229] 7.2 
10 2;600-ft. sand 480] 550| 128,536 800 5 "336| 213] 5.0 
11 3,000-ft. sand ; i , pet as orgie aii 31) 3,836 : 
iG Mirando Cie, Webb... 420] 1,850] 8,273,829] 217,734] 163,664) 413) 5,785| 526 et 
14| Aviator, Webb......... 320] 1,275} 5,197,067) 198,364] 175,042) 474) 5,448] 495 T 
15 | Leaseholders, Webb... 0} 0 0 0 ue ~ 
16 | Henne-Winch-Fariss, Jim Hogg 440] 1,155} 3,261,103 3,752 11,944 38/4,560 5 
b-Duval...... 
18] os Food. sand. 4,000| 4,065] 155,186] 19,620] 14,903] 34} 2,387| 298) 6.8 
. sand P 1,280 
20 nay eae : 0} 120/ 328,716] 65,684] + 50,734] + 139] 2,740] 274/27.0 
21 2,900-ft. sand 1 80 80 0 0 0 : * 0 
22 3,400-ft. san: 1 60 700 124,039 0| 124,039) 1,359} 194] 1 
23 Total.... 5,420] 6,245 607,941 85,304} 189,676 ; 
24 | Randado, Jim Hogg. 9 150 883} 3,939,402) 140,767} 139,350 355] 5,394] 600 ee 
25 | Piedras Pintas, Duval 9 0 30 112,784 0 18,631 133) 3,756] 187 Ky 
26 | Kohler, Duval..... 8 1,840) 2,010 416,47 55,384 49,106 144] 2,450] 350)1 = 
27 | Alworth, Jim Hogg 8 0 40 25,272 3,248 1,223 5} 631] 105) 1 
28 | Albercas, Webb.. 7 160} 480) 2,370,036 67,123 50,997). 113|7,406} 435] 3.5 
29 | West Cole, Webb 7 960} 1,290} 2,800,005} 268,875) 241,237 614) 8,484] 771) 9.9 
30 | Cuellar, Zapata. % 160} 475| 2,362,774] 110,568} -51,290 112} 7,500] 937) 3.6 
32 gia Vora b 7 121 120 0 0 0} of} _o| oO 
2 ; . Band. 
33 | | 2,900-ft. sand... 6 60 180 408,706 54,168 25,903 34/ 3,400) 560)10.4 
34 3,300-ft. sand... 1 0 80 0 0 0 oO)” OF, 8 
35 3,400-ft. sand. 1 0 40 17,604 0 17,604 92) 440) 72/92 
36 Total... 180} 420 426,310 54,168 43,507 
37 | Government Wells, Duval 6 320] 8,160] 16,228,023] 4,170,277] 6,597,107] 23,017] 1,988] 104|36.0 
38 | Palangana, Duval............ 6 0 20 2,223 0 0 0} IT] 
39 | Martinez, Zapata............. 6 600} 600 0 Ont aad) 0} oO} 0 
40'| Roma, Stuy..0...-. 002. en eel OD 80 90 16,750 3,720 2,328 16) 1,675} 55)16 
41 | Escobas, Zapata.............. 
42 1,000-ft. sand............ 5 120 120 0 0 0 0 0 0 0 
43 1,200-ft. sand............ 5 480} 1,740} 3,732,236] 770,037) 674,278] 1,683] 2,962] 185] 9.1 
44 1,400-ft. sand............ 5 120] 1,920) 1,172,738} 125,356] 112,080 245} 652) 91) 5.0 
45 PP Otalie er erercscaadd 720| 3,780) 4,904,974] 895,393] 786,358] 1,928 
46S. RUG. Dutatsc..c405. sock es 4 0 80 180,028 28,633 35,59 79] 2,250) 321/15.8 
47 | Los Olmos, Starr............. 4 0 160 346,945] 153,054 95,098 26] 2,168} 197] 0.4 
48 | Wentz, McMullen............ 3 80 80 0 0 0 0} 60 0 
49 | Sarnosa, DUG Nonna nn: ce ell, 8S 20; 420 886,514] 353,582) 338,333 849] 222) 55) 8.2 
50 | Rio Grande City, Starr....... 3 0 22 74,258 31,510 24,820 61] 3,375} 422)10.0 
51| Jacobs, MceMullen............] 3 0} 420 376,296} 122,873] 209,221 710} 896} 4716.0 
62 Laurel, Webbines, omnes 320) 540 555,720} 341,212 80,142 209} 2,526] 281|10.0 
63 | Villa, Zapat@. . vececss.sssere 3 80 80 0 0 0 0 0 0 0 
54 | Clark-Cowden, Jim Hogg.....| 3 40 40 0 0 0 0 0} oO} 0 
55 | Smith-Hunter, Duval......... 2 40 40 0 0 0 0 Of Oe 6 
56 | Kohler-North, Duval. ........ 
57 1,700-ft. sand...... iets ? 80 80 0 0 0 0 0 0 0 
58 2,400-ft. sand............ 2 320 330 0 0 0 0 0 0 0 
59 Total caer wae. cece 400} 410 0 0 0 0 
60'| Moca, Webt...c. ues osc v ome 2 0 80 211,260} 100,579} 110,681 327| 2,640] 240/29.8 
61 | Blas Uribe, Zapata........... 2 80 80 0 0 0 0 0} Oo; Oo 
62 | Ignacio, Duval............... 2 0 10 0 0 0 0 0 0 0 
63 | Cuevitas (Guerra), Starr...... 2 40| 400 73,950 1,960 71,990} 510] 205] 9/57 
64 | Hoffman, Duval..............| 1 40 40 0 0 0 0 Oo} 600 0 
65 | Barbacoas, Starr............. 1 160} 170 3,865 0 3,865 13} 387] 25) 6.5 
66 | Eagle Hill, Duval............ 
67 1,500-ft. sand............| 1 0 200 199,786 18,622} 181,164 450) 996] 99]/25.0 
68 2,100-f. sand...........' 1 0} 20 5,976 5,976] 29] 298] 29|29.0 
69 Totals. yy sighs 0 220 205,762 18,622| 187,140 479 
70 | Lopefio, Zapata..............| 0 120} 120 0 0 0 0} ~*'0), 70 
71 | Comitas, Zapata....... .. 0 0 50 0 0 0 0 0} 0) 0 
72|Labbé, Dutal......... 0. 40} 40 0 0 0 o| o} of o 
73 | Colmena, Duval....... 0 40 40 0 0 0 0 0 0 0 
74 | Loma Novio, Duval. . . 0 80 0 80 0 0 0 0 ol? O14 
75 ota esa are 20,096] 16,650 36,746| 55,646,190! 7,501,649! 9,733,480 


> Footnotes for column heads and explanation of symbols are on page 249. 
1 Oil and gas production for December, 1934, estimated, 2 Naphthalene. 
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TasLe 1.—(Continued) 
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Mt. Selman 3,128 
Reklaw 5,000 
y y 
Cook Mt. 2,860 
Cockfield 3,000 
Cook Mt 3,660 
Mt. Selman 5,001 
Mt. Selman 5,001 
Mt. Selman 5,001 
Mt. Selman 5,001 
Reklaw 5,000 
McElroy 2,400 
Cockfield 2,791 
Cockfield 3,400 
Reklaw 6,394 
Reklaw 6,394 
Reklaw 6,394 
Reklaw 6,394 
Reklaw 6,394 
Mt. Selman §,222 
Mt. Selman 4,502 
Mt. Selman 7,723 
McElroy 2,500 
Lower Saline Bayou | 4,942 
Mt. Selman 5,225 
Mt. Selman 4,532 
Caddell 3,448 
Caddell 3,448 
Caddell 3,448 
Caddell 3,448 
Mt. Selman 5,858 
Jackson 3,813 
Cockfield 3,000 
Reklaw 4,827 
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Cockfield 3,500 
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McElroy 2,800 
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Cockfield 1,085 
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Caddell 3,600 
Cockfield 3,307 
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Upper Saline Bayou | 2,178 
McElroy 3,000 
Caddell 3,102 
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Queen City 2,180 
Cockfield 2,500 
McElroy 2,460_ 
McElroy 3,000 
McElroy 2,792 
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TaBLE 2.—Summary of Drilling Operations in Southwest Texas 
(Figures in body of tabulation represent number of holes.) 


Completed during 1934! Drilln s or 
Produc- neomplete 
tive [at End of 1934. 
Dry and/or Near-dry Holes Wells 
County aa 3 
Total Depths, Ft. fd © s lee 
ga & 2 
Total] QS A g 
0-1000}1000-2000|2000-3000/3000-4000|4000-5000}5000-6000 6000-7000 Es z E 
Dimmitt........ 0 0 0 0 0 0 0 0 0 0 0 
Diawal ee. Siete oy 0 2 12 iti 0 3 1 25 331 21 10 
Jin Hogg....... 0 0 4 4 2 0 0 10 0 4 0 
Salle yet nx nosis 0 0 2 0 0 0 0 2 0 0 0 
MeMullen...... 5 4 14 2 1 0 0 26 30 5 5 
Slarraseshacess: 3 4 7 2 0 1 0 17 34 4 10. 
Webbi....ccis8:s:5.- 0 2 i, 3 1 0 0 ve 33 13 
Zapata........: 1 7 5 1 0 0 0 14 30 6 5 
Total. s..22; 9 19 45 19 4 4 1 101 458 53 33 


1 Includes only those outside of fields. 


i ee ae tee 


Development and Production in West Texas, 1934 


By H. B. Fuqua* anv B. E. Tuompson* 
(New York Meeting, February, 1935) 


Tur area discussed in this paper, commonly known as the West Texas 
district, is easily divisible into three geologic provinces, the Midland Basin 
to the east, the Delaware Basin to the west.and the West Texas structural 
platform separating these two. Production in Garza, Scurry, Mitchell, 
Howard, Glasscock, Irion, Reagan and central Crockett counties is 
associated with the east flank of the Midland Basin. That in Loving and 
Reeves counties is associated with the Delaware Basin. All other produc- 
tion and developments discussed in this paper belong to the province of 
the West Texas structural platform. 

Because of certain developments that have occurred during the past 
year, it has been found necessary to slightly revise one of the fields as 
grouped by Mr. Reith in last year’s paper’. The Scarborough-Leck field 
has been broken down as follows (Table 1): The Leck field is shown sepa- 
rately because it is producing from dolomite; while the Scarborough area, 
producing from sand, is regrouped and designated as ‘‘Scarborough- 
Kermit-Halley,’”’ which includes the producing sand belt across Winkler 
County from Ward County to New Mexico. It is believed that this is a 
more logical division of Winkler County and that considerable future 
work will be avoided by making this change before further production 
figures have accumulated under the present set-up. A number of new 
fields are listed in Table 1, some of which may represent extensions of 
other producing areas. The authors, however, are inclined to believe that 
they represent new fields. In either event, less work is involved in add- 
ing two areas together, if they later prove to be one, than in attempting 
to separate a maze of production data into two fields after they have 
been erroneously carried as one for a number of years. The Howard- 
Glasscock field is designated in this review as the Chalk-Roberts field and 


the Denman production on the Howard-Mitchell County line is included 
in the Iatan field. 


DEVELOPMENT DURING 1934 


Development in West Texas during the year 1934 showed a marked 
increase over the previous year both in exploration and in exploitation 


Manuscript received at the office of the Institute Feb. 18, 1935. 
* Gulf Production Co., Fort Worth, Texas. 
1 Trans. A.I.M.E. (1934) 107, 339. 
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of proven or semiproven areas, as evidenced by the fact that 468 wells 
were drilled as compared to 236 wells during 1933. At least nine wells 
that can be classed as real wildcats were completed as producers during 
the year. Of these, two were in Andrews County, three in Ector County, 
two in Winkler County and two in Pecos County. 

The Humble Oil and Refining Co. No. 1 R. M. Means in north central 
Andrews County was completed at 4527 ft. in December, 1934, with an 
initial daily production of 587 bbl. flowing. The Honolulu & Llano No. 1 
Parker, near the town of Andrews, was completed at 4780 ft. in December, 
1934, with an initial daily production of 153 bbl., pumping. Both of 
these wells appear to open new pools, although it is impossible to hazard 


TasLE 1.—Ouzl and Gas Production in West Texas : 
Area Proved, Acres 
3 * Age, 
Field, County Vears 

g to End Oil 

ei of 1934| Oil and | Gas | Total 
a Gas¢ 

Mlb Rovyalispieceese acter. acer se select se seers ee = eae tp aBiale ge eles 15 640 0 0 640 
2 Mateo, M RECHT Me ee ae HO ise ete pets Nata ae. ope 8 14 4,000 4,000 

Big Lake, Reagan 
34l| DETER GE ele Gecnet ba aae Rad pdote 6 sacBb omc HAE pean adrEem ante 11 y y y y 
4| 3, *000-ft. FAB Gn a ne OB Satan Ghar Senn Sb satiase Nr. so dta=)) aesponac ot 11 3,000 3,000 
5 ER Te ene oR, Oe SOE oe SCRE. Srey, ok Oe erie ce 6 1,200) 1,200 
6 |eHimerald) (Gared..ts, cls © verge nyaisiee atria Se wie eins apes ipniet agsinle t aon 10 320 320 
7 | Ira, Scurry te ee: Re snc: Ee i te 10 640 640 
8 | Charch- Frelds McElroy, Crane i pletion. | we ass cee oe a oe <= 9 13,500 0 0) 13,500 
Chalk-Roberts, Howard, Glasscock . 
iT SOOEE Sey <= epee eho o-oo = cicieis arste Weairirare claim eye siete pie B= eNeme ew niaieie ses 8 700 0 700 
HT em Le POOLS DAY 21. ciicelr ie setetetatics leetatedne sleletavairy~ a> Haye vires oaelerotsrmievepeie Wer 9 5,000 0 0| 5,000 
11 POO TS DAV Aer war eae ~ seep ae aes eine ate Roe 6 4,400 x 0| 4,400 
12 2,500-ft. BLS WR ye An ane Peete eens +e e 7 1,000 0 0} 1,000 
13 3, 000-ft. pa: Se OE, oa eS ese Pals De cycle a’ oe et 7 3,200 0 0} 3,200 
14 iden, Matchell, Howardwte.. g2o- icanee «22 7 9 6,500 0 0} 6,500 
15 | McCamey, Upton, Grice ee ee PR Bests ME agtre st G 9 10,000 10,000 
16 | Wheat, Loving Se Re ee renee ao 9 4,500 4,500 
17 World-Powel Geen, ‘Crockett, “Reagan. Na et MR. , PARR. Netians cate nO 9 2,500 0} . 0] 2,500 
Pecos, Crockett 

Pe ed be cis eGR ot He ROE PR cnn. He s | 17,000) 0} —_o| ‘17,000 
FG) ee Santee a cee ck. ieee Stee nate Satete sirfe wine oduwe aMtapinieds gfe oinialmairie.aie’e 1 700 700 
DU ee Lobos ene savers e seeneele cies seleie > teste stein icin csrgelia)-laieleys +iclete= s/zinid’= <0 ii 1,000 0} 1,000 
21 Handruk TRAE Ie occ PU hoy < Nett apo cleric hake srejaistalalvaiesnivic er 8 9,200) 6,000 0} 9,200 
22,| Penn, Fit sp eee ON eee REN | RE OTIC scare 2 tI Ae ere eictenisi= 2 8 4,000 4,000 
23 | Leck, Winkler.....- ; esi. ode un waygo ORD ogee ABE CE IG 7 500 0 500 
24 Scarborough- “Kermit-Halley, Warklers...c.20becsc cts. c neues seehee recedes ff 5,000} 5,000 5,000 
BA UPA CEN Crane. etc aisitelers w:nfeist tein cverecni stage oleae sce.e eirin the ane nin aa ale! ee 7 3,000 1,000) 4,000 
26 | Pecos Valley, Pecos. 6 1,500 0} 80) 1,580 
ga MP vr ieCORsae 3 cel cPecle ciel = « sitiolacQeewere wale pinto oleae nae FSSA 6 160 160 
28 ihe Sseccd Pe a See Phen 8 etal, cite ores Heese sere am emis ae 6 1,000 1,000 
py Hie rari eee eats erotik so ele iste ns elaine sisters + atkre «7s es ie ote 5 450 450 
Al Nand COR andl eciet < otorcilelsrr aah =n clrie visleralleincine vinwnbinin= 18 ener On 6 20,000) 15,000} 1,000} 21,000 
31 | Irion Co., ON CR. oe SEU, ab HOS DBASE DMO pete TO) ORE Ei SRSA Ie OCs 5 oo 0 0 340 
32 Masterson, TEES ek ae hy Ate eo ea FEO DO ORD LO GED: uate Raa 5 16 160 
33 | Deep Rock-Fuhrman, Andrews.......-.-.+-0000seeesr rere ere eeee seer sere 4 3,000 3,000 
BE Oaw dene clon sa saeat «nhs = ethe 73 nies elaine aie rie oe WF 2 2 oR laere ibis oe 4 4,000 0| 4,000 
PRU Seed UAL + COneeIbE ain cet oie ties »1nsdlelAoigivini-srnicieysiernts Menten nslee siele HATS a paint! cies 4 160 0 160 
36 | Todd Ranch, Crockett..........+sssesecccseee neers eters cece nner neseren es 3 320 160 480 
GTA PACS SII CLOY ote oe, 5 ok pestle te ovina) ie Tsirinirs cea eels veh er eceie nih Haren Gh oes ales 2 1,500 40) 1,540 
38 Harper, Flor ee ae te GRC wR bitte amet) oti eee manos Sa nf Lp 0 160 
ail Davidson: Beton se cue. gece swcteleyrcsre ainatie le sate mney ole Hee osiclbe cin 0 0; 160 160 
40 | Means, APLAR EIDG EE Mee os PIT ae Pe ein se Pee «ssc nates se 0 880} 480 0 880 
41 | Landreth-Scarborough, Ector 0 160} 160 160 
49| White-Baker, Pecos.........+-.-c+:ererecrtee tree steer seeene es 0 a 0 0 a 
43 | Parker, Andrews. . Bree een ee 4 ao : : a 
45 Oa eS ey id ee orate Ep awa. cs once 133,040} 26,840] 2,280] 135,320 


1 Production from 2,400-ft. pay in 10 wells, now deepened to 3,009-ft. pay, is reported with 3,000-ft. pay for 1933. 
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even a guess as to the extent of either. The Humble also completed its 
No. 1 Walker as a small producer. This well lies between the Ogden pool 
to the north and the Fuhrman producers to the south, and indicates gi 
production will be continuous here. 

The Davidson et al. No. 1 H. E. Cummins in northwest Ector Caan 
was completed in August, 1934, at 4509 ft., with an initial daily produc- 
tion of 25 bbl. with considerable gas. About 10 miles to the southeast, 
the Landreth Production Co. No. 1 Scharbauer was temporarily shut 
down at a depth of 4186 ft. This well showed as much as 30 million 
cubic feet of gas and sprayed about 40 bbl. of oil daily. However, the 
well has never been satisfactorily completed. Additional development 
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. : Average Oil Total Gas Production, Number of Oil 
Total Oil Production, Bbl. Peomnaien Bbl. Millions Cu. Ft. and/or Gas Wells 
Duri 
SiLSprete ie x 2 1934 
z ec 2 | e228: | 2 |e] «| 4/8 
| ToEndof | During | During | 82 | 2%. | $2 (G2 | = | 8] S| g2/ES| 81% 
3 1934 1933 1934 <1 wo 5S 5S | w a=) wo pay ez bo 2s| 2 6 
a min! de) 2a, Ess] § as ae B35) B| 8 
g 258/55] sg [pse| © | B| | 33) 85| 2/3 
a AS o eh eae] See aA ea oe toa ceo fed 
1 6,400 250 400 2 100} 100 y 35 0) y 
2 7,443,093 378,336 467,285 960) 1,860) 371 7 136 0. eo 
3 2,099,313 144,434 93,094 250 y y 35 = x | 2 21 0} 73 
4] 55,053,870} 2,253,807 | 1,592,719 4,000} 18,351) 612 28 x z zs 261 Os}, 42 
5 | 22,673,728] 4,206,016 | 2,402,237 6,833] 18,895 Ed z i] y yoy 23 2 0 
6 757 7,876 5,322 15 100 10 3 7 0 0 
i 108,771 9,322 10,221 24 170 7 3 7 1 1 
8 | 91,848,128) 4,646,597 | 4,500,160 9,105} 6,800) 91 87 62,818) 3,026) 3,724 347) 4 0 
9 2,895,000 418 240,000 590) 4,185 z 12 51 0 0 
10 9,553,404 825,532 798,952 2,166) 1,910} 95 8 266 6 0 
11 | 22,785,351] 2,953,733 | 3,061,535 7,640} 5,178) x 48 - 160} 40 0 
12 4,850,905 527,147 474,672 1,326} 4,850 x 32 41 1 0 
13 18,507,592 931,573 893,636 2,200} 5,783 z 29 146 0 0 
14 2,697,112 236,479 695,278 1,164) 4,145 83 26 67| 45 0 
15 | 26,501,617} 1,483,563 1,553,661 5,038] 2,687); 90 17 Ed z oye 393} 17 | 53 
16 5,081,726 926,746 802,144 2,086] 1,130) 162 29 2 x z| 2 84! 10 6 
17 4,575,559 340,576 302,531 838] 1,830) 141 20 x = z| 2 60 0 0 
18 | 195,688,692} 20,228,277 | 15,409,209 | 36,876) 11,500} 192 80 | 105,412] 6,838) 4,741] 17 456] 32 0 
19 58,814 4,255 54,559 163 41 x = z| 2 4 1 0 
20 2,434,195 459,124 4221504 1,150) 2,434) 122 13 2 z z| @ 89) 13 
21 | 173,637,211) 7,355,964 | 6,356,359 | 17,000] 18,870}. x 53 = x a| ez 625 0| 10 
22 | 10,984,757} 1,727,392 | 2,028,542 4,890) 2,720 68 51 10,542) 1,771] 2,823) y 97| 14 0 
23 2,759,995 227,809 196,273 534 % x 45 x r aos 16 0 0 
24 2,189,576 490,726 839,968 3,122 37 z z z| 2 90| 44 0 
25 40,868 0 1,736 17 17 z x 18) z 7 2 1 
26 370,365 79,708 43,742 121 248 17 4 x z a} 2 37) 2 y . 
27 22,505 7,475 1,490 0 140) 25 0 z z z| 2 3 Ola 
28 2,995,837 186,145 361,644 990} 2,996] 200 21 x z= zc) 2 48 1 Z 
29 435,791 33,833 18,270 50} 970} 160 6 z x a) 2 8 0 0 
30 | 10,688,121} 2,661,936 | 3,551,902 | 12,297) 500 10 35 z x | 2 353] 124 0 
31 70,542 8,127 10,096 40| 203} 20 5 = z ey 14 2 4 
32 21,196 2,838 10,916 53 132 27 17 z z z| 2 6 1 0 
33 219,234 14,060 155,333 486 73 61 z x 2s) oe 9 2 0 
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35 37,653 6,089 10,691 15 15 z z “| 2 1 0 0 
36 10,718 10,718 13 6 z © Clee 6 0 0 
37 307,878 109,987 190,034 571 226 23 44 % 2 v] @ 13 7 0 
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39 0 0 0 0 & z a| 2 1 1 0 
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41 0 0 0 0 x 2 eer 1 1| 0 
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> Footnotes to column headings and explanation of symbols are on page 249. 
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is now being carried on in both areas and the value of these discoveries 
cannot be determined for some time. Landreth Production Co. also 
completed a wildcat test on the Johnson ranch, 3 miles south.of the 
Cowden pool, in December, 1934. This may or may not represent an 
extension to that pool. It is capable of producing about 100 bbl. daily. 

During the latter part of 1934, the Sayre Oil Co. No. 1 Howe, near Ker- 
mit, Winkler County, and the Skelly Oil Co. No. 1 Halley, near the center 
of the south line of the county, were completed as nice wells, averaging 
about 400 bbl. daily each at depths approximating 3000ft. These wellsare 
producing from the O’Brien sand section, and suggest strongly that this 
production will extend continuously across both Ward and Winkler coun- 
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ties. In Pecos County, the Tex-Mex Production Co. developed a small 
producer south of Grand Falls, which lies across the Pecos River in Ward 
County. This well probably represents a southward extension of the 
Ward County producing area. The producing depth is 2291 ft. In 
December, 1934, the Gulf Production Co. developed a 30-bbl. well on 
its White-Baker block, about one mile north of the Humble Oil and 
Refining Company’s deep (9811 ft.) failure on the same ranch. Addi- 
tional development will be necessary in order to determine the value of 
this discovery, which lies midway between the Taylor-Link and 
Yates fields. 

Most of the discoveries discussed above appear to be very light wells 
but this does not necessarily mean that the fields will be of negligible 
importance. The discovery well of Church-Fields-McElroy produced 
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Deepest Zone Tested 
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only 30 bbl. daily, and the prolific Hendrick pool of Winkler County was | 
discovered by a west edge well capable of producing only 125 bbl. per day. 

In addition to the exploratory drilling, a great deal of inside and 
extension drilling took place. The Ward-Winkler County sand area led' 
by a wide margin in this work, with a total of 168 producers completed. 
Important extensions were developed at various points along the trend. 
The Penn field of Ector County was extended to the north and west; 
while the Cowden area continued to develop southward. Because of the 
awarding of additional vacancy claims, the drilling campaign started 
during the last half of 1933 still continues in the Yates field of Pecos 
County. Considerable drilling to both the sand and dolomite horizons 
took place in the Chalk-Roberts field and the portion of the Iatan field 
located in Howard County was very active. 

Prospecting for horizons deeper than Permian continued throughout 
the year. The Humble Oil and Refining Company’s No. 1 White- 
Baker, in Pecos County, was abandoned at 9811 ft. in Ellenburger lime- 
stone. Their No. 1 Ike Honig, 10 miles northeast of Eldorado in 
Schleicher County, was abandoned in Ellenburger limestone at a depth 
of 6472 ft. Also, this company has recently spudded two additional deep 
tests, one in northeast Upton County and one in central Crockett County. 
The Gulf Production Company’s No. 103 J. T. McElroy, in the Church- 
Fields-McElroy pool on the Upton-Crane County line, was drilling on 
Dec. 31, 1934, at 10,978 ft. in pre-Pennsylvanian rocks, having 
encountered slight showings of oil near its total depth. Since that 
date, the well has passed the 11,000-ft. mark. The Gulf Company 
has also spudded a deep test in the Sand Hills area of western Crane 
County. The Moore et al. No. 1 L. 8. McDowell et al. in north central 
Glasscock County is drilling at a depth of 8269 ft. in Pennsylvanian 
sediments. The Skelly Oil Co. No. 1 University “‘D,” midway between 
the Big Lake and World-Powell fields, has drilled to a depth of 8830 ft. 
without encountering the deep producing horizon of Big Lake. 


Dritting Mreruops anp Acip TREATMENT 


The cable-tool method of drilling, on. the whole, has proved to be most 
satisfactory in West Texas, although in areas where special conditions 
have been found considerable rotary work is being done. Rotary drilling 
predominates in Andrews and northern Ector counties, is used consider- 
ably in the Chalk-Roberts field and almost exclusively along the west 
edge of production in Ward County. In all of these areas the upper red 
bed section is considerably thicker than the average for West Texas and 
makes cable-tool operation slow and expensive. In addition, high pres- 
sures and large volumes of gas are encountered in Ward County, making 
drilling in with cable tools very dangerous, unless loading of the hole is 


ee 
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resorted to, which causes watering or mudding of the sands similar to that 
resulting from drilling in with rotary. This danger is being overcome by 
employing the pressure method of rotary drilling while penetrating the 
producing horizons. Under this system the dangers associated with 
cable-tool drilling are eliminated, while a minimum of damage is done to 
the pay section. The disadvantage of the method is that it can be used 
only where a large volume of high-pressure surplus gas is available at small 
cost. A number of operators in West Texas drill with rotary to the point 
where the oil string is set, then complete the well with cable tools. 

The treatment of wells with hydrochloric acid solution has been con- 
tinued throughout the year 1934 with varying degrees of success. The 
treatment proved to be very successful in the Chalk-Roberts and 
McCamey fields, while in practically all other areas it appears to have 
more than justified its use. Some increase in flush production was 
secured by treating new wells in Andrews and Kctor counties, but by 
far the most important use of this method seems to be the reviving of old 
semidepleted limestone or dolomite pays that are approaching the point 
of economic exhaustion. 


OuTLOOK FOR 1935 


The outlook for the year 1935 in West Texas appears most favorable. 
Many operators who deserted the area several years ago for the 
apparently more fruitful field to the east have returned or are returning 
to the land of slightly sulfurous but highly prolific oil fields. Wildcatting, 
both by major and independent operators, is decidedly on the increase, 
and desirable acreage is changing hands at rising prices. Development 
of proven and semiproven properties, which has been postponed during 
the past few years, is.gradually returning to normal and hundreds of wells 
that have been in need of reconditioning for some time are being cleaned 
out, shot, acid-treated or otherwise put into shape. The general feeling 
in the field is one of optimism and it appears probable that the coming 
year will see the proving up of several embryo fields discovered during 
1934, as well as the successful testing of additional wildcat prospects. 
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Oil and Gas Development in Utah, 1934 


By H. W. C. Promme.*, Memper A.I.M.E. 
(New York Meeting, February, 1935) 


Waitt Utah remains an unimportant factor in oil production, 
exploratory drilling was carried on in six widely separated areas, extending 
from the southwest to the northeast corner of the state. One new gas 
field, the Last Chance or Starvation Creek anticline in Emery County, 
and two new gas horizons in the Clay Basin field of Daggett County, 
were thereby discovered during 1934. 


EXPLORATORY DRILLING 
South Central Utah 


Emery County—Last Chance Anticline—The test of the Ramsey 
Petroleum Corporation in sec. 18, T.268., R.7E., on the apex of this 
anticline (vert. closure 700 ft.; area within closing contour line, as mapped 
by U.S. Geological Survey, 26,000 acres) encountered gas in the Moenkopi 
formation of lower Triassic age at depths ranging from 2530 to 2863 ft. 
The total thickness of sandstone, sandy shale and limestone beds in 
which gas was encountered is approximately 50 ft. The well was tested 
at a depth of 2755 ft., gaging 21,000,000 cu. ft. of gas, R.P. 410 lb. The 
well is being plugged back to the lowest gas horizon at 2771 ft. from a 
total depth of 3168 ft. Gas from this well probably will be used for the 
drilling of a second well structurally lower, to test the oil possibilities of 
the Moenkopi formation as well as of the upper and lower Pennsylvanian 
formations, of which the latter so far remains untested in South Central 
Utah. The well was not drilled deep enough to determine more definitely 
the western margin of the petroliferous Paradox Basin of lower Pennsyl- 
vanian age of southeastern Utah. 

Woodside Anticline.—This field, lying immediately northeast of the 
San Rafael swell, contains, according to maps of the U.S. Geological 
Survey, 8380 acres within its lowest closing contour line 700 ft. below the 
apex. A well was drilled by Utah Oil Refining Co. at the apex in sec. 12, 
T.198., R.13E., during 1924. Gas was encountered in the Moenkopi 
and Kaibab formations of Triassic and Carboniferous (Permian) age 
respectively. The flow is estimated at 21,000,000 cu. ft., R.P. 900 lbs 


Manuscript received at the office of the Institute Jan. 28, 1935. 
* Consulting Geologist and Mining Engineer, Denver, Colo. 
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Taste 1.—Oil and Gas Production in Utah 


.. | Area Proved, Acres| Total Oil Production, Bbl. Average Ol Brodustion, 
3 i 
a= 
a 
be Field, County i] Daily Per 
3 : a Dur- | Dur- | Ave Per | A Well 
g oil | Gas | Total | £9 End ing | ing | d Tage) Acre to | | Daily 
iz uring foot to . 
z cm : of 1934 | 1933 | 1934 | Nov. | 2a4cf | End of | Gunns 
2 cS 1934 Baa 
F=| oat 1934 
Js) < 
1 | Virgin, Washington........ 27 | 450 0| 450) 150,000) 4,500) 3,500 9.6 333 225 0.5 
2 | San Juan, San Juan....... 25 | 160 0} 160) lero) Grr) Ilex 0.5 z £ F 
3 | Farnham, Garbortecce> 6 + 115 0| 600 600 O= > 0 0 0 0 0 0 
4 | Cisco, Grand..... sales stesia= 106 0} 4,000} 4,000 0 0 0 0 0 0 0 
5 | Ashley Valley, Uintah...... 98 0) 335) 335 0 0 0 0 0 0 0 
6 PEO DAUR: fclctetatersicux'erel= efaisle © 610| 6,935) 7,545] 161,¢rx| 5,1zx} 3,600} 10.1 


Se ea a ae 


: Oil Production 
Be Ee ee % Number of Oil and/or Gas Wells Agere Ds Methow at End 
4 to) 
ee erry At End of 1934 Number of Wells 
be Fa fe t Bot- f To Top 
S$ |ToEnd| 8 | 3 AS|S Ooms OF | of Pro- 
g of 1934 & & gm Baw 8 3 Tem- Pro- Pro- Total Pro- | ductive 3 
g ss w1So0| S| Ss porarily | ducing | ducing | p,¢_ | ductive} Zone Pump- | Miscel- 
< a ai ae al Shut Oil Gas | guein Wells ing | laneous 
a 5| 5 4 5/8<| 8 | 8 | Down | Only | Only g 
4 a) Pe ala) Nes 
1 0 (£0) {20, 90) |50ul ti) 10 17 9 0 9 6651 6651 8 14 
2 SO O50! . 0 9 1 1 8? 1 0 1 200 194 1 0 
3 121.3/23.2/38.4| 0.2} 2) 0|° 0 0 0 1 1 3,114 3,093 
4|3,128 | 07 | 0 | 0.0) 10] 0 0 10 0 10 10 2,174 2,056 
5 | 246.6/44.1/36.4| 0.2) 2) 0} 0 0 0 2 2 1,675 1,665 
6 | 3,495.9|67.3|74.8| 0.4) 73 | 2) 1 35 10 13 23 


ee 
eS OE eee 


Pressure, | Character of Oil, | Character y . na Deepest Zone Tested 
Lb. per | Approx. Average | of Gas, Producing Rock ear to End of 1934 
Sa. In.¢ during 1934 Approx. 48 
py a 
Aver- | Gravity Ur Be 
age at | A.P.I. at | + 1934 pees Depth 
Endof| 60°F. | & — a; Be of 
8 2 APH Name Ages | se]. | ox Name Hole 
E gigiga)A| | 82/85 Bl + lSal 8] es in 
el _ glalge| ¢\o| = le | 2 \Be| 2 | 88 Feet 
s|/l/a|sleraee| & [8| 2akz | 8 fee 2 | 58 
A/S (SSS) a ia) ac joe Sim tactile | 
1| o| 0} 0/38/24) 34 |1.0-|P Rock Canyon | Tri | L | Por T | 69 | Per Coconino-| 2,195 
2.5 Conglomerate Supai 
2| 0] 0| 0/40/39] 39 |0.24 M Goodridge Pen S |Por|] 6/8 1163 | Pen. Hermosa 3,633 
3 1750) 700/625 C02 Moenkopi- Tri-Per| § | Por| 21 | AF 1 | Per. Kaibab | 3,235 
gas | 0 | Kaibab 
4 |750|325/325 1,080} 0 | Dakota- CreL |S | Por} y|D 3 | Jur. Kayenta | 3,045 
Morrison 
5 |580/320|270 980} 0 | Morrison CreL |S | Por} 10 | AF 3 | Jur. Nugget | 2,720 
6 Ae A ee ES Se ee on in! mecca RT Se ee an pana 


» Footnotes to column headings and explanation of gymbols are on page 249. 
1515 to 815 ft., depending on position of well on monoclinal structure. 

2 Abandoned. 

3 Includes assessment holes. 

4 Pumping with vacuum. y 

5 Discovered 1923; began producing 1931. 

6 Discovered September, 1924; began producing February, 1927. 

7 Shut in since February, 1931. | 

8 Discovered 1925; began producing 1929. 
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TasLe 2.—Summary of Drilling Operations in Utah 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1935 Completed during 1934 
Drilling or 
Incomplete at 1 
Dry and/or End of 1934 : 
Dry and/or Near-dry Holes Near-dry : 
Holes y 
Productive Productive | 
County Wells 
Total Depth, Ft. Total (For 
‘ ; Details Depths, Ft. Details, ; 
See 2 
—sS—] Table 1) | Within | Explor- 
3 3 s s s s Total | Table 1) S able 1) Fields atory 
Ss al} oo] las 7 ~ a 
S 4 2 4 
7 s Ss Z g sis S 
Sd a A es eS a hae 
“f A ay 2 er tre G6 5 0 0 0 0 12 
OK 8 A Ola OO sO 2 2 0 0 0 = 10 
ay OH Ol 0) NO BE |e 2 0 0 0 0 11 
0} Oo; 1) OF} OF 0) 0 1 0 0 0 0 0 
0} Oo} O} OF 1/0) 0)}+ 1 0 0 0 0 0 
LS 2 2) Oy 0 0 8 22 0 0 0 0 
0} Oo; Oo; 1) 0} 0) 0 1 0 0 0 0 0 
8] 10; 6 3 3} Lj 32 123 0 0 0 0 
0} 0; Oo} OF 1) 0) 0 1 0 0 0 0 0 
0; 1] 0} 1; 0} 0/0 2 0 0 0 0 0 
wh TPR Of <0).10) 070 2 0 0 0 0 0 
119} 2) 2) 2) 3) 310 131 9 0 1 0 0 
0} 0} OF; 2} 0.0); 0 2 0 0 0 0 td 
1; 4) 4; 0, 0} 0/0 9 2 1 0 0 0 
Sah Bed 20s O07}: 3 0 0 0 0 1? 
70) 0; 2} 0} 0,0] 0 72 50 0 1 1 3? 
Oa)" 3} F602 10 5 ak!) 0 0 0 0 
202| 24) 24) 12} 10; 6 | 1 279 77 1 2 1 7 


1 Gas well, shut down for winter. To be deepened during 1935. 
2 For details see text. 
3 Cisco, 10 wells; Harley, 2 helium wells shut in by U.S. Government. 


from 3120 to 3165 ft. The gas contains 1.31 per cent helium. The 
U.S. Government carefully plugged the well, withdrew the lands from 
public entry and established them as Helium Reserve No. 1, containing 
12,600 acres. 


Southwestern Utah 


Washington County—Virgin Anticline—Exploratory drilling on the 
various domes of this anticline, such as Bloomington, Harrisburg and 
Punchbowl, has been carried on for 15 years and is still active. No. 2 
Escalante well of the Arrowhead Petroleum Co., the deepest well of this 
region, has now reached 4100 ft. and has encountered oil saturation at 
various horizons in the Pennsylvanian and lower series. The oil is of 
paraffin base and 36° Bé. gravity. The Virgin anticline is bounded along 
its flanks by major faults and commercial production from it is improb- 
able. However, oil indications encountered are encouraging con- 


templated exploratory drilling on Circle Cliffs and other anticlines in 
South Central Utah. 


— a *. >. ee 
- >; - ; 
; 
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Southeastern Utah 


Grand and San Juan Counties.—No exploratory drilling was done in 
these counties during 1934. Frank Shafer No. 1 well, the discovery well 
on Cane Creek anticline in T.27S., R.21E., which blew itself in during 
December, 1925, registered rock pressures of 935 lb. for three years and 
produced sufficient oil for the drilling of another well, remains to be 
offset along the fracture zone from which it produced its oil in the Paradox 
formation. This well was cemented in 1928 after 4-in. and 6-in. casings 
had collapsed and production had been shut off by recrystallization of 
salt in the well and in the tubing. All deep wells drilled on the Salt 
Valley anticline in Grand County have indicated the presence of potas- 
sium salts in the Paradox formation of lower Pennsylvanian age. Potash 
well No. 24, drilled by the U.S. Geological Survey during 1931, was shut 
down at a depth of 1731 ft. on account of lack of appropriations for further 
work. It did not reach the lower potash zone encountered in King No.1. 
well. Conclusive evidence as to presence or absence of potash minerals 
in quantity has not as yet been established. As the Paradox formation 
occupies a large part of southeastern Utah and southwestern Colorado, 
a more progressive exploration program, such as was carried on in Texas 
and New Mexico, seems warranted. The analyses of oils from the 
Balsley well on Salt Valley anticline and the Frank Shafer well on Cane 
Creek anticline are as follows: 


BaustEY WEL, SauT VALLEY 
Oil green, paraffin base, sp. gr. 36.8 Bé. 


Frank SHAFER WELL, CANE CREEK 
Oil green, paraffin base, sp. gr. 38.6 Bé. 


Gasoline ees eee ere eee 225m Gasolimeln: ss. cota: Meiers ema 2iV2 
Ret aOileee ote neath Soe teee ee 620 Keroséniest 190. 46 Bees ee 14.0 
(insoles tay se 8 aps PO SEDO roe is Oi Gas O1l Seven, tcccs Renee tea Bice ake 10.8 
Para tin iste mee shes sc ce cere gee HSM CATAL WAX. deqie cok weeds a sit tars 53.0 
BASeCHANG LOSS EN teheacie onc Soe GeO MO O]C oye eerie dees yalgs ete wi6.eGRa-wne 1.0 
ree ool SottrR Aae, 6 SOBs ete eo tr 
100 
100 


Geophysical work was done during the year in the northern part of 
Grand County to the west and northwest of the Uncompaghre uplift in 
connection with the development of possible shore-line conditions in the 
Paradox formation. 

During 1925 and 1926 two wells were drilled on the Harley dome in 
Grand County. This dome contains approximately 320 acres within a 
closure of 100 ft. The wells encountered helium-rich natural gas at 560 
to 590 ft. in the McElmo formation of lower Cretaceous age and at 860 
to 1148 ft. in the Entrada sandstone of Upper Jurassic age. The amount 
of gas is estimated at 5,000,000 cu. ft., R.P. 155 1b. The wells have been 
closed in and private operations have been indefinitely suspended by the 
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U.S. Government. In San Juan County gas high in nitrogen content 


was encountered at Boulder Knoll and carbon dioxide gas farther south 


on San Juan East anticline. These discoveries were made during 1928 


but no development work has followed. Minor gas blow-outs were 
encountered in many test wells of this region. 


Northeastern Utah 


Daggett County—Clay Basin Anticline—Murphy No. 2 well in sec. 21, 
T.3N., R.24E., was started by Mountain Fuel Supply Co. during August, 
1934; it blew itself in Nov. 4, 1934 at a depth of 5654 ft. but was soon 
brought under control and drilled to 6030 ft. The well encountered 
3,700,000 cu. ft. of gas, R.P. 2110 lb., from 5328 to 5344 ft. in the Frontier 
formation of Cretaceous age; 32,000,000 cu. ft. of gas, R.P. 2300 lb. 
(approx.) from 5627 to 5697 ft. (approx.) in the Dakota sandstone of 
Cretaceous age. Gas-saturated core 22 ft. long had been obtained from 
the Morrison formation of Jurassic age between 6008 and 6030 ft., when 
the well was shut down for the winter. The well will be deepened to 
7000 ft. during 1935 to test lower sands. The well was drilled to increase 
gas reserves- back of the Salt Lake City-Ogden natural gas system. A 
pipe line 23 miles long is required to connect with the main line. A 
second well probably will be drilled lower on structure before pipe line 
is built. There are 5700 acres within the 450-ft. dip closure; 2000 acres 
are now estimated as probably productive. This is the first well in the 
field to reach the Dakota sandstone, Producers & Refiners Corporation’s 
No. 2 having been shut in in 1927 after encountering 3,276,000 cu. ft. 
of gas, R.P. 2110 lb. in the Frontier formation. Exploratory drilling 
on other anticlines in northeastern Utah is anticipated. 


North Central Utah 


Box Elder County.—The Leonora-Raddatz well on the shore of Great 
Salt Lake in sec. 14, T.9N., R.8W., had reached a depth of 2300 ft. in 
Pennsylvanian rocks in December. 

Summit County.—The Longwall Petroleum Co. well on the Chalk 
Creek anticline in T.3N., R.5E., is drilling at 1000 ft. in Cretaceous rocks. 

Utah County.—Diamond Oil Co. No. 4 well in sec. 16, T.88., R.5E., is 
drilling in Cretaceous rocks at a depth of 3580 feet. 


PrRopuctne Frevps 


Virgin Field, Washington County.—This field, in T.418., R.12W., on a 
structural terrace, has produced small amounts of oil since its discovery 
in 1907. Spasmodie drilling of shallow wells probably will continue in 
the future; no major discoveries of importance are anticipated. 

San Juan Field, San Juan County.—This field, discovered in 1908, is 
producing small amounts of oil from shallow wells (200 ft.) in a syncline. 


a," 
. 
———————e 
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TaBLE 3.—Well Data, Utah 
Line Strue- j 
No,| County Area pits Operator Location Name of Well 
1| Box Elder..| Penrose y Utah-Penn Oil Co. “ NW.NW. 3-10N.- 4W. 
2 Rotel y | Lakeside Oi Co. SwW.SE.31- 9N- 7W.| y 
y onor: t: = m 
i Wek Hot Speitige'| : 2, atz : C. 14- 9N.- 8W. 4 
5 y y ly y “ly 
wu —— : y|y y y 
7| Carbon....| Farnham AF | Utah Oil Refining Co. NESW. 12-158. -11E. | No. 1 
8 Farnham AP | Catbon Dioxide and Chem-| SESW. 12-188, -118. | y : 
0. 
9 Price ia y Price. Petroleum Co. SW.NE. 16-148. -10E. 
10 South Wellington y Holmes-McGee NW.NE. 14-155. -10E. Nos 1 
11| Daggett...| Clay Basin AF | Producers and Refiners NW.SW. 22- 3N.-24E. | No.1 
: orp. 
12 Clay Basin AF ee and Refiners SW.NW. 22- 3N.-24E. | Murphy No. 1 
13 Clay Basin AF | Mountain Fuel Supply Co. NE.NE. 21- 3N.-24E. | Murphy No. 2 
14| Davis..... Farmington yo .ly y y 
15 | Duchesne. .| Duchesne Ay | Midwest Ref. Co.-Utah SE.SW. 13- 48. - 6W. | No. 1 
Southern 
_16| Emery..... San Rafael swell | Af | Leonard Petroleum Co. Az SE.NW. 8-218.- 9E. | y 
17 San Rafael swell Af | Leonard Petroleum Co. Ai NW. 5-218.- 9E. | y 
18 San Rafael swell | Af | Carter Oil Co. A SE.NE. 34-238. -11E. | San Rafael No. 1 
19 Woodside A Utah Oil Refining Co. SW.SE. 12-198. -13E. | Fitzhugh No. 1 
20 Huntington Ay | Ohio Oil Co. 2-178. - 8E. | No. 1 
21 Flattops Af | Des Moines OilCo. Ai SW. 19-268. -13E. | Des Moines 
22 Last Chance A Ramsey Petroleum Corp. SW.NE.SW. 18-268. - 7E. | Senior No. 1 
23 Greenriver y y 1-218. -15E. | y 
24 Greenriver y y 18 mi. W. of Green River y 
25 Greenriver y y 17 mi. NW. of Green River | y 
26 | Garfield... .| Circle Cliffs Af | Ohio Oil Co. SE.SW. 24-348. - 7E. | No. 1 
27 | Grand..... Thompson 1 Hope Syndicate NW.NE. 21-228. -20E. | No. 1 
28 Thompson t Raddatz, Vogel & Travis SE.SE. 9-228. -20E. | No. 1 
29 Crescent AsF | W. M. Armstrong SE.SE. 9-228.-19E. | Armstrong No. 1 
30 Crescent AsF Ge te Oil Co.—Utah Oil NE.SE. 10-228. -19E. | Randall No. 1 
a et. Co. 
31 Crescent AsF | Brendel Oil & Gas. Co. NW.NE 9-225. -19E. | Brendel No. 1 
32 Crescent AsF | Crescent Eagle Oil Co. SW.SE. 4-228. -19E. | No. 1 
33 Crescent AsF | Sandburg Petroleum Co. NE.SW. 7-215. -19E. | No. 1 
34 Crescent AsF pom States Develop- SW.SW. 27-218. -19E. | No. 1 
ment Co. 
35 Salt Valley AsF | Utah Southern Oil Co. NE.SE. 13-238. -20E. | King No. 1 
36 Salt Valley AsF | Utah Southern Oil Co. NW.NE, 31-288. -21E. | Balsley No. 1 
37 Salt Valley AsF Bronte. Cons. Oil Co. SE. 5-238. -20E. | K. Levi well 
est. Allies 
38 Salt Valley AsF | U.S. Geological Survey SE. cor 13-238. -20E. sige test No. 
4 
39 Salt Valley AsF | Raddatz et al. 4-238. -20E. | y 
40 | Grand..... Cisco Af | Cart-Barnes NE.SW. 14-208. -21E. | No. 1 
41 Cisco Af | Midwest Refining Co. SE.NE. 25-208. -21E. | Jenkinson No. 1 
42 Cisco Af | Crystal Carbon Co. SE.SE. 24-208. -21E. | No. 2 
43 Cisco Af | Crystal Carbon Co. SW.NW. 25-208. -21E. | No. 3 
44 Cisco Af | Crystal Carbon Co. NE.SE. 23-208. -21B. | No. 4 
45 Cisco Af | Crystal Carbon Co. NW.NE. 26-208, -21E. | No. 5 
46 Cisco Af | Engstrom-Wegeman NE.SW. 13-208. -21E. | No. 1 
47 Cisco Af | Navajo Petroleum Corp. SW.SE. 2-208. -21E. | No. 1 
48 Cisco Af | Perfection Oil and Gas Co. NW.SW. 30-208. -22E. | No. 1 
49 Cisco Af | Perfection Oil and Gas Co. SE.NE. 31-208. -22K. | No. 2 
50 Cisco Af | Perfection Oil and Gas Co. NE.SE. 30-208. -22E. | No. 3 
51 Cisco Af | Urban-Terril NE.NW. 32-208. -22E. | No. 1 
52 Cisco Af faeces Oil Refining NW.SW. 30-208. -22E. a Rath No 
0. 
53 Cisco N y 6-218. -24B. | y 
54 Cisco N y 6-218. -24H. | y 
55 Cisco + Utah Southern Oil Co. SE. 26-218. -23E. | No. 1 State 
56 Harley A Home Oil Co. NE.NE. 4-198. -25E. | No. 1 
57 Harley A Home Oil Co. SE.NE. 4-198. -25E. | No. 2 
58 Green River AF | Marland Oil Co. NW.SE. 35-215. -16E. Calpaens No. 
59 Green River i Western Allies-Levi SW.SW. 15-218. -16E. | Elgin well 
60 Green River i ~| Western Allies-Levi NW.NE. 25-235. -18E. | Levi No. 1 
61 Green River t Western Allies-Levi SW.NE. 35-225. -17E. | Levi No. 2 
62 Green River i Western Allies-Levi NW.NW. 26-228. -17E. | Levi-Keystone 
63 Green River Ss Western Allies-Levi NW.SW. 26-238. -19E. | Klondike well 
64 Green River Ss Western Allies-Levi SW.SE. 18-238. -19B. | Queen well 
65 Green River i Western Allies-Levi NE.NE. 20-215. -17E. | Collins well 


1 y Information not determinable from data available to the author. 


A, anticline; As, salt anticline; 


AF, anticline with faulting as major feature; Af, 


anticline, importance of faulting not known to author; N, nose; ?, inclined strata or out: 
S, syneline; D, dome; T, terrace; M, monocline. 


anticline, faulting minor feature; Ay, 
side closing contour lines of anticline; 
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TaBLe 3.—(Continued) 


Line | Depth, | Date Com- nd of , Remarks 
No. Ft. “pleted Well2 Status of Well Dec. 31, 1934 
1| 4100 | 7/24/31 | Dry ‘Abandoned 
3 3500 bias Sh down for winter 
ui 
i 600 | Prior/05 i Abandoned Oil test; see U.S.G.S. Water Supply Paper 149. 
5 | 2755 | y y Abandoned 
6} 1350 | y y Abandoned Gamal ie manahome ota ea 
7| 3235 1/ 8/24 | COs gas Producing Gas used for manufacture o! ice 
8| 3114 8/18/30 CO: gas Producing Gas used for manufacture of dry ice. 
9] 383385 9/ 1/30 | y Abandoned 
10 | 2462 9/10/27 | 08 Abandoned 2 ste St, en ae 
10/ 1/25 | D Abandoned Lost hole. 2 
6 vty rv 837 Gan Shut in a apne bee on cu. sat ft. R.P. 2140 Ib. Frontier 
13 | 6030 Gas Shut in; to be deepened to ‘ormation. 
ft. 32 mil. plus cu. ft. R.P. 2300 Ib. oo text. 
14] 2000 | Prior/05 | y Abandoned Oil test; see U.S.G.S. Water Supply Paper 149. 
15| 4760 6/19/28 | ogs Abandoned 
16} 2660 5/ y/22 | Dry Abandoned Sulfur water. 
17 460 y/ y/22 | Dry Abandoned 
18 | 3035 2/ 1/22 | Water Abandoned 2 “ 
19] 3375 2/ 7/24 | He gas Plugged by U.S. Govnmt. ae mil. cu. ft. R.P. 900 lb. Permian. See 
xt. 
20} 3100 11/ 4/21 | Dr: Abandoned 
21 | 2910 / vid a Abandoned cone _ sands. Could not shut off water. 
7 s.-Perm. s 
22| 3168 Gas Plugging back to gas sand of ayia plus cu. ft. R.P. 410 lb. Trias.-Perm. 
23] 1400 | Prior/05 | y Abandoned See U.S.G.S. Water Supply Paper 149. 
24 | 1835 | Prior/05 | y Abandoned See U.S.G.S. Water Supply Paper 149. 
25 | 13825 | Prior/05 | y Abandoned See U.S.G.8. Water Supply Paper 149. 
26 | 3212 | 11/17/21 | Water Abandoned Did not reach lower Pennsylvanian. 
271 1400 | 10/22/25 | Dry Abandoned 
28] 1417 | 10/ 3/25 | Dry Abandoned ; ; 5 
29] 1223 2/27/27 | os Abandoned Did not reach all prospective horizons. 
30 | 1710 | 10/15/28 | os Abandoned Lost hole. J 
81 | 4125 | 10/13/32 | gs Shut down So sowing 3462-3479 Paradox formation. 
wer Pen. 
32] 4000 yf y/26 | ogs Abandoned Potash showing carnallite crystals on bailer. 
Paradox Form. 
33 | 2470 | 10/ 4/26 /y Abandoned : 
34| 2171 11/26/30 | y Abandoned 
35 | 3830 y/ y/30 \y Abandoned Potash powne, two horizons, Paradox form. 
wer Pen. 
36 | 6120 u/ y/32 | Oil Sionding: Veies to 5367] Small well. See text for analysis of oil. 
uring 1932. 
37 825 4/10/19 | os Abandoned First well to encounter salt of Paradox form. 
38 | 1781 y/ y/3l ly Abandoned = not reach lower Potash zone of King No. 1 
well. 
39 | 1388 y/ 4/25 \y Abandoned Location of this well doubtful. 
40 501 4/ 3/28 | Dry Abandoned Assessment hole, oil and gas permit. 
41 1960 10/11/24 | Gas Shut in 
42 2423 11/14/26 | Gas Shut in 
43 2057 5/ 4/27 | Gas Shut in 
44] 2032 8/21/27 | Gas Shut in 
46.) 2271 6/11/28 | Gas Shut in 
46 500 8/12/28 | Dry Abandoned Assessment hole, oil and gas permit. 
47 | 2965 6/ 1/29 | Dry Abandoned 
48 1992 8/25/26 | Gas Shut in 
49 | 2207 | 10/26/27 | Gas Shut in 
50 | 2200 9/22/28 | Gas Shut in 
51 1960 8/ 9/28 | Gas Shut in 
562 | 3045 4/13/25 | Gas Shut in Deep test well in Cisco field. 
53 | 1000- | Prior/24 | Oil Abandoned Small oil well near Cisco town. 
54 | 1300 | Prior/24 | Oil Abandoned Small oil well near Cisco town. 
55 | 2431 y/ y/30 | Dry Abandoned Sree formation shore-line test; struck 
; grani 
56 801 8/18/24 | He gas Shut in Operations suspended by U.S. Government. 
57 | 1675 7/ y/25 | He gas Shut in Est. 5 mil. cu. ft. R.P. 155 lb. U.S. Govern- 
ment suspended operations. 
58 | 3824 | 10/ 2/26 | ogs Abandoned Oil and gas shows from 1525 ft. to 3170 ft. 
59 | 1000 | Prior/12 | os Abandoned 
60 530 | Prior/12 | y Abandoned 
61 | 1500 | Prior/12 | os Abandoned 
62 425 | Prior/12 | y Abandoned 
63 700 | Prior/12 | os Abandoned 
64 920 | Prior/12 | y Abandoned 
65 | 2100 Prior/12 | os Abandoned 


2 08, oil showing; ogs, oil and gas showing; gs, gas showing; He gas, helium-rich natural gas; CQ» gas, carbon dioxide main 


constituent of gas. 
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TaBLe 3.—(Continued) 
we County Area peel: Operator Location Name of Well 
66 Moab AsF | Embar Oil Co. (Big. Six- NW.NW. 34-258. -21E. | Big. Six No. 2 
West. Allies) 
67 Moab AsF | Utah Oil Development Co. NW.NW. 8-268. -22E. | Elec. Light 
Plant No. 1 
68 Moab AsF pectin Allies-Big Six Oil NW.NE. 12-268. -21E. | Big. Six No. 1 
0. 
69 Cane Creek Asf Mibgect ek Southern Oil} SE.NW.SE. 25-265. -20H. | J. i Shafer No. 
0. 4) 45 
fO Kanes n. ; Paria Af | Midwest Exploration Co. SW.SE. 14-398.- 1W.| No. 31 C. -G. 
as) : Parry 
71| Millard. ...| Black Rock A Beaver Valley Oil Co. NW.NE. 20-258. - 9W. | No. 1 
72 Black Rock A Beaver Valley Oil Co. SW.SE. 19-258. - 9W. | No. 2 
73 | Salt Lake. .| y y Tower Petroleum Co. Salt Lake City | y 
74 | Salt Lake. .| y y weirs Petroleum Drilling NE.SE. 21- 1N.- 1W. | y 
0. 
75 | San Juan ..| Cane Creek AsF | Midwest-Utah Southern Oil NW.NE. 6-278. -21E. | F. Shafer No. 1 
Co. : Discovery 
76 Cane Creek Asf | Snowden McSweeney SW.NE. 5-278. -21E. | Prommel No. 1 
77 Shafer Asf oe Southern Oil SE.SE. 16-278. -20E. | J : H. Shafer No. 
0. 
78 Lockhart As | Equity Oil Co. SW.SW. 16-285. -20K. Eanlesoed No. 
79 Gibson Asf | Empire Gas & Fuel Co. NW.NW 6-308. -21E. | Kimball No. 1 
80 Gibson Asf | Utah Petroleum Corp. NW.NE. 1-30S.-20E. | Geoghan No. 1 
81 Gibson Asf | Deseret Petroleum Co. NE. 3-308. -20H. | Rose No. 1 
82 Gibson Asf pistes States Develop- SW. 34-298. -20H. | y 
ment Co. 
83 Elk Ridge Af | Midwest Refining Co. NW.SW. 30-348. 19E. | Hughes No. 1 
84| Jan Juan...| Boulder Knoll A Boulder Knoll Oil & Gas Co. NW.NW. 17-348. -25E. | Endter No. 1 
85 Lisbon AsF | Union Oil Co. of California NE.NW. 16-308. -25E. | y 
86 Boundary Butte | Af inet Ref.-Continental C.NE. 27-485. -27E. | y 
0. 
87 Organ Rock Af | Wilson Cranmer _ 35-428. -14E. | y 
88 Cedar Mesa Af | Utah Southern Oil Co. NE. 28-408. -18E. | Noble No. 1 
89 San Juan East} Af | Utah Southern Oil Co. 27-418. -19E. | Canyon No. 1 
anticline 
90 San Juan Ss Various companies 40-415. 18-19E. | 125 alow 
wells. 
~91 | Summit... Crs Creek, Coal-| A | Ohio Oil Co. NWSE. 6- 2N.- 6E. | y 
e 
92 Chalk Creek, Coal-| A Western Empire Petroleum 16- 2N.- 5E. | y 
ville 0. 
93 a Creek, Coal-| A Longwall Petroleum Co. SE.SW.SE. 35- 3N.- 6E. | y 
e 
94 | Uintah. ...| Ashley Valley AF | Utah Oil Refining Co. SW.NW. 23- 5S. -22E. | No. 1 
95 Ashley Valley AF | Utah Oil Refining Co. NE.SW. 23- 58. -22E. | No. 2 
96 Ashley Valley AF | Utah Oil Refining Co. SW.NW. 28- 58. -22E. | No. 3 
97 Ashley Valley AF | Utah Oil Refining Co. SE.NW. 22- 5S. -22E. | No. 4 
98 Ashley Valley AF | Uintah Gas Co. NW.NW.SW. 23- 5S. -22B. | No. 5 
99 Dog Valley y Western Venture Corp. NESW. 8- 5S. -21E. | No. 1 Spohr 
100 Dog Valley y Home Oil Co. SE.NW.SE. 6- 58. -21E. | N oF 1 Krun- 
vieda 
101 Hill Creek A Utah Oil Refining Co. NW. 32-148. -20E. | y 
102 Myton y Utah Southern Oil Co. _ SE.SE. 29- 48.- 1B. | y 
103 Myton y a Oil & Exploration SW.NE. 26- 65. -19E. | y 
‘o. 
104 Neal Dome A Maude Ellen Oil Co. NE.NW.SE. 28- 65. -21E. | y 
5 | Utah...... Diamond Fork y Diamond Oil Co. SW.NE. 10- 9S.- 4B. | No.1 
ie Diamond Fork y Diamond Oil Co. NW.SW. 3- 98.- 4E. | No. 2 
107 Diamond Fork y Diamond Oil Co. NE.NE. 29- 88.- 5E. | No. 3 
108 Diamond Fork y Diamond Oil Co. SE.NW. 16- 8S.- 5H. | No. 4 
{09 | Washington| Beehive D | St. George Oil Co. NE.NW. 30-438. -14W. | y 
Be roam ath Bicomington A Mid American Oil Co. SE.NW. 17-4858. -15W. | y 
111 Bloomington A Arrowhead Petroleum Corp. NW.NE. 19-435. -15W. | No. 2 Escalante 
112 Harrisburg A Virgin Dome Oil Co. NW.NW. 16-425. -14W. | No. 1 
113 Punchbowl D Arrowhead Petroleum Corp.| SE.SW.NE. 1-438. -15W. | No. 1A 
114 Virgin ff Virgin Petroleum Co. NW.NE. 23-418. -12W. | No. 2 
115 Virgin iu Jerome L. Anders SE.NW. 6-418. -11W. | y é 
116 Virgin ei Various operators 418. -12W. | 119 shallow weils 
W: _...| Barrier Creek A Phillipps Petroleum Co. NE. 16-278. -16E. | Schick No. 1 
113 a Cainville A Ohio Oil Co. | 29-288. - 8H. | No. 1 
119 Nequoia Arch M | Texas Production Co. NW.SE. 34-298. -16B. | Conley well 
120 Nequoia Arch M_ | Mount Vernon Oil Co. 4-278. -12E. | Mt. Vernon well 
121 Sweetwater Af | Texas Production Co. C.NW. 5-275. -14E. | Shipley No. 1 


é 


Line | Depth, | DateCom-| Kind of . 
No | Ft vioted Well2 Status of ve Dee. 31, 1934 
66 | 5345 | 4/18/28 | os Abandoned 
67 | 1550 |-i1 y/26 | 08 Abandoned 
68 | 2450 yy His 0s Abandoned 
69 | 4107 y/ Y¥, ogs Abandoned 
70 | 4436 Wr B30 y Abandoned 
71 | 3500 3/ 1/30 | y Abandoned 
72 | 1545 y Inactive since Jan. 3, 1931 
73 930 8/ y/27 | y Abandoned | f 
74 | 1985 | 12/ y/31 | y Shut down indefinitely 
75 | 5000 3/11/27 | Oil, gas Plugged; collapsed casing; cem. 
76| 3520 | 6/27/27 | y Abandoned 
77 | 5863 11/ 5/27 | ogs Abandoned 
78 527 | 12/20/26 | Dry Abandoned 
79| 41386 7/ 9/27 | ogs Abandoned 
80| 1643 5/ y/27 \y Abandoned 
81 517 2/ y/27 | Dry Abandoned 
82 500 y/ y/27 | Dry Abandoned 
83 | 4422 | 11/ 5/27 | Dry Abandoned, 
84 | 2640 y/ y/28 | Gas Shut down indefinitely 
85 | 5010 10/15/27 | ogs Abandoned 
86 | 5612 y/ y/29 | Gas Abandoned 
87 | 2253 y/ y/23 | ogs Abandoned 
88 | 3640 2/24/28 | gs Abandoned 
89 | 1870 y/ y/28 | COs gas Abandoned 
90 250 Oil and dry | See Table 1 
91} 3201 1l/ 6/24 ly Abandoned 
92} 3870 y/ y/27 \y Abandoned 
93} 1000 y Drilling 
94] 1685 4/13/25 | Gas Producing 
95 709 10/ y/27 | Dry Abandoned 
96 | 2720 3/23/28 | Gas Producing 
97 | 2165 12/20/28 | y Abandoned 
98 | 1730 12/ 4/34 | y Abandoned 
99 | 1165 | 12/29/34 | y Abandoned 
100 | 1692 1/15/35 | y Abandoned 
101 | 2150 6/25/22 | y Abandoned 
102 | 3000 10/ 2/29 | y Abandoned 
103 | 1500 y/ y/22 \y Abandoned 
104 | 2552 | 11/ y/82\y Shut down indefinitely 
105 941 y/ y/21 ly Abandoned 
106 | 2151 u/ y/26 \y Abandoned 
107 1691 6/ 1/29 | y Abandoned 
108 | 3585 y Drilling 
109 970 | 10/ y/29 | y Shut down indefinitely 
110 | 2532 5/16/31 | y Abandoned 
111 | 4231 08 Drilling 
112 | 3400 y Plugging off bottom water 
113 850 y Drilling 
114} 2195 5/ 1/29 |y Shut toes indefinitely 
115 899 y Drilling 
116 Oil and dry 
117 | 5191 8/ y/29 | Dry Abandoned 
118 | 3650 8/15/22 | Dry Abandoned 
119 | 2250 4/ 4/24 | Dry Abandoned 
120 | 2200 y/ y/14 | Oil Abandoned 
121 | 2875 8/ 9/28 | Dry Abandoned 
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TaBLE 3.—(Continued) 


Remarks 


Numerous shows of light oil from Paradox 
formation; PenL. 

Stopped in Paradox formation. 

First well to find oil in Paradox formation. 

Stopped in Paradox formation. 


Lost hole. . 


Discovery well; oil and gas from three horizons. 
See text. 


Oil and gas permit assessment hole. } 
sa pe and gas showings in ox form. . 
e! 


Oil and gas permit assessment hole. 
Oil and gas permit assessment hole. May be ' 
location only. 
Stopped in hard schist basement rocks. 
See table of gas analyses. 
toe ennai 14205010; several oil and gas 
showings. 
Open flow 34 mil, at 4525 ft R.P. 1000 Ib. 
Diamond-drill hole. 
Well bottomed in mica schist. 
Well bottomed in mica schist gas 673-971. 


See table gas analyses. 
Includes aaemnest holes. 


No detailed data available. 


See Table 1 for details. 
See Table 1 for details. Plugged back to 
1683 ft. 


Drilled 43 ft. during 1934. 


- oil showings in PenL. Paraffin base, 36 
Also reported as drilling. 


Wells 400 to 800 ft. deep. For details see 
Table 1. 


Water in lower part of well. 
Water in lower part of well. 


Small oil well; could not control water. 
Abandoned as crooked hole. 
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No major discoveries are anticipated although occasional drilling of 
shallow wells may take place in the future. 

Farnham Field, Carbon County.—This field is producing carbon dioxide 

gas from one well for the manufacture of dry ice and allied products by 
the Carbon Dioxide & Chemical Co. 
Cisco Field, Grand County.—No gas has been produced from this field 
since February, 1931. The Crystal Carbon Co. of Charleston, West Va., 
maintains a carbon-black plant in this field, which has a capacity of 
about 400 bags, or 5000 lb., of carbon black in 24 hr. The gas flow 
furnishes heat, light and motive power for the plant. 

Ashley Valley Field, Uintah County—The gas from this field is used 
in Vernal, Utah, for fuel. A well drilled by the Uintah Gas Co. during 
1934 was abandoned during December at a depth of 1730 feet. 


TasLe 4.—Analyses of Gas from Fields in Utah 


ea 


Percentage of Gas 
Sample Taken or Analysis 
x 3 2 Contributed by 
Field, County e © a go q (For Details See) 
as|¢]4| & | »3| 2 a (Acknowledgements) 
23|2|2/ 2/2 \53) 8|8la| 
€6/8) 3/2 /8|k4| a )alo| 6 
* Farnham, Carbon.........+ 91.20)1.47 6.51 0.20 0.62 100 Early sample by R. W. Calvert. 
Parnham.J92 cegscceece ee 98.30,0.00} 0.30) 1.14/0.03,0.23 100 Later sample by E. 8. Shaw. 
Clay Basin, Daggett........ 0.18 90.45} 1.82 0.00) 7.55 100 W. T. Nightingale.* 
Woodside, Emery........-+ 31.70,0.27| 0.00/62.30)1.31 5.70 101.28| U.S. Bureau of Mines, I’. W. 
Last Chance............+0+ 5.00) 74.00,16.00 3.00 2.00; 100 Wright. 
Cisco, Grand... 2.3 |0.00/93.70| 0.20,0.00 3.8 100 E. 8. Shaw. 
Ex. id 1.36/1.15|47.77/12.46 37.05 99.79) D. E. Winchester. é 
1.10/0.00) 5.10)84.40)7.16 2.30 100.06} Helium Corp. of America.t 
0.00 22.83/48.49)2.16 25.81 99.29) Helium Corp. of America. t 
Boundary Butte, San Juan.| 0.26 48 .05|22.78/0.76 28.15 100 Helium Corp. of America. 
San ae Fast Anticline....|97.30 2.70)0.07 100.07] G. T. Hansen. 4 
Boulder Knoll...........-- 0.18 26.40)30.50)0.38 42.55 100.01) Helium Corp. of America. 
Ashley Valley, Uintah...... 0.20/0.13/99.42| 0.24/0.01 100 E. S. Shaw. 


* From Frontier Horizon only; observed gravity, 0.618; gross B.t.u. 1078. 
+ These samples may have come from different horizons; see text. 


ANALYSES 


During the past 30 years about 100 exploratory wells have been 
drilled in Utah (Tables 2 and 3), many of them by crews unfamiliar 
with the easy drilling, but highly cross-bedded, massive sandstones 
encountered. A number of crooked holes have resulted which had to 
be abandoned before all prospective horizons were reached. A number 
of the exploratory wells were drilled prior to the present mechanical 
perfection of drilling equipment at times when 4000-ft. wells were con- 
sidered extraordinary. Since 1926 extensive geological and paleonto- 
logical studies have been carried on in the state and stratigraphic relations - 
hitherto unknown have been revealed. These, coupled with a better 
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drilling technique, may lead eventually to the discovery of additional 
oil and gas fields in the known petroliferous provinces of Utah. 
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Oil and Gas Development in West Virginia during 1934 


By Davm B. Recer,* Memper A.I.M.E, 


(New York Meeting, February, 1935) 


Ort and gas and their derivatives continue to be stable products in 
West Virginia. In the midst of the cataclysmic happenings of 1930 to 
1934, which have swept away banks and practically destroyed many 
other enterprises of presumably nonspeculative character, the possession 
of a royalty or working interest in a few old oil or gas wells has prevented 
disaster in literally thousands of homes. These old wells yield their 
daily quotas of basic commodities, which the public must have. 

Fortunately, the facilities of disposal in the Appalachian Province 
are so ample and well managed that the owner of such equities may be 
reasonably certain that his proportionate share of existing markets will 
be afforded him without much effort on his part. In most cases these 
investments are free from encumbrance or hypothecation, therefore 
the main uncertainty is the date of ultimate exhaustion at the source. 
Generally, this is known to be fairly remote. The net result has been 
that individual owners part with such investments only as a last resort. 

In sharp contrast to the action of the small owner of wells or royalties 
who has prudently refrained from jeopardizing his rather certain income 
by drilling new wells that may be failures, or of which the product may 
not be needed for the moment, has been the plight of various promotional 
enterprises in natural gas. Many of these ventures have been operated 
by amateurish remote control and practically all have been overloaded 
from the start with bonds and debentures, which could only be satisfied 
in a rising and expanding market; and with operating costs that have 
been exceedingly high because of widely scattered producing units and 
large overheads. Many of these promotions are now in receivership or 
bankruptcy and in various instances the original units have been recap- 
tured by former owners and have again become profitable by reason of 
personal operation and elimination of all forms of overhead expense. 


New DEVELOPMENT 


In 1934, the State issued 524 permits for drilling. According to the 
trade journals, 553 wells were completed, with 184 oil wells, 274 gas wells 
and 95 dry holes (Table 3). 

Manuscript received at the office of the Institute Jan. 25, 1935. 


* Consulting Geologist, Morgantown, W. Va. 
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New Producing Areas 
Ritchie County has surpassed all others in new drilling, with 154 


completions as compared to 68 in Calhoun, which stands second. In 


Ritchie the Pike pool of Clay and Grant districts, discovered by the 
redrilling of formerly discredited territory, has furnished 23 new oil wells 
in the Big Injun sand, with capacities of 5 to 650 bbl., but with production 
mainly confined to 200 acres in or near the village. There have been 
eight dry holes, and two wells are now drilling. 

In Ritchie County, also, drilling has continued with more or less 
profitable results in the Lost Run pool near Ellenboro, Grant and Clay 
districts. A barren zone apparently separates Lost Run from Pike, 
which is only 2 miles distant. 

In Ritchie, also, a Big Injun sand gas well of 600,000 cu. ft. capacity 
at 600 ft. depth, has recently (January, 1935) been completed on the 
Burning Springs anticline at Petroleum, Grant district, indicating a 
possible revival of deeper drilling on this old structure, where earlier 
production is mostly in still shallower sands. 

In Wetzel County several new gas wells have been drilled in Proctor 
district, one of which is near the village of Maud and represents a new 
discovery on a pronounced subsurface anticlinal nose. 

In Union district, Wood County, a Maxton-sand gas well of 500,000 
cu. ft. or more capacity at depth of 1600 ft. near Doyle, completed in 
January, 1935, is regarded by local operators as a significant find. 

In Center district, Gilmer County, eight redrilled or new wells have 


found oil in a broken sandy zone of the Upper Devonian about 125 ft.. 


below the Berea sand, possibly representing the Fifty-foot sand of the 
north. The largest well, completed in May, 1934, produced 1060 bbl., 
but has declined to 10 bbl. Generally the wells have averaged 25 to 
30 barrels. 

In Meade district, Upshur County, several additional Benson sand 
(Dev U) gas wells have been completed in the Frenchton area, where 
the value of this deep sand is now well established. 

In Elk district, Kanawha County, north of Big Chimney, an oil well 
of about 150 bbl. capacity in the Oriskany sand (Dev L), at depth of 
4759 ft., was completed in the late autumn of 1934. At present the well 
flows 25 bbl. Three previous completions in the same sand and locality 
are small gas producers. Five additional wells are drilling and two further 
locations have been made. 

At Redhouse, Union district, Putnam County, a gas well of about 
450,000 cu. ft. capacity in the Middle Devonian shale at depth of 2584 ft.; 
or about 400 ft. below the Berea sand, and closely adjacent to a similar 
well by other parties, was completed in November by the West Virginia 
Rural Rehabilitation Corporation, which is building a subsistence home- 
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stead at the locality. ‘The same organization has now filed an application 
for another well. Considerable interest has been aroused by the use of 
public funds for this purpose. 

At Huntington, Cabell County, where an active development in the 
Genesee shale (Childres sand—Mid. Dev.) was in progress a year ago, 
operations are practically at a standstill, with only one completion in 
the last eight or nine months. 

On Guyandot River immediately south of Saltrock, McComas 
district, Cabell County, 15 to 19 new gas wells in the Big Injun sand, 
varying in capacity from 500,000 to 1,500,000 cu. ft., have been drilled. 

In Slab Fork district, Raleigh County, three or four gas wells have 
been drilled near Slab Fork village and two others are in progress. 
This locality is 25 miles southeast of the main oil and gas fields but 
is only 5 or 6 miles east of the Princeton-sand development of McGraw, 
Wyoming County. 

In Browns Creek district, McDowell County, active drilling is in 
progress within the city limits of Welch, where gas wells of small capacity 
and only nominal rock pressure are being found in the outcropping or ° 
thinly buried sands of the Pottsville series (Pen.). Details of this 
discovery are not complete but 20 wells or more have been drilled. The 
known presence of a vast amount of gas, which is being released daily 
by coal mining in this region, indicates a possibility that the gas found 
at Welch may be percolating through broken strata toward the outcrop. 

In Big Creek district, McDowell County, a well completed in Septem- 
ber, 1933, had 213,000 cu. ft. of gas in the Berea sand at 3954 ft. but was 
drilled to the top of the Oriskany sand at 6639 ft., where the tools stuck 
and could not be recovered. 


OPERATING TECHNOLOGY 
Unit Operation 


In the Sistersville area of Tyler County and the adjacent portion of 
Monroe County, Ohio, a pool of Keener and Big Injun Sand operators 
has been formed to repressure the sands and recover additional oil. Asa 
preliminary step, a deep core-drill hole has been completed on the West 
Virginia side of the Ohio River at Sistersville. In this area many of 
the wells produce oil, gas and salt water, which are separated by gravity 
at the well mouth. The proposed unit embraces several thousand acres. 


Acid Treatment 


The use of hydrochloric acid for treating limestone wells is rapidly 
gaining favor among operators of central and southern West Virginia, 
where production is often found in the Big Lime (Greenbrier, Mis.). 
In some instances the open flow of an old gas well has been increased 
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nearly 10 times. In others a lime well that made only a showing of oil 
has become a commercial producer. Owing to the low cost of treatment 
—$300 to $400 per well—it would appear that extensive use of this 
process may follow. 


Deep Sand Exploration 


For many years the Bayard sand (Catskill, Up. Dev.) was regarded 
by operators of northern West Virginia as the lowest formation in which 
production might be anticipated. In southern West Virginia, where the 
Catskill is absent, the Berea sand (Pocono, Mis.) was considered the last 
hope for oil and gas. Drilling was carried to deeper levels in some cases 
but usually was barren of good result. 

As early as 1897, however, a well was drilled through the Oriskany 
sand (L. Dev.) at Central City, near Huntington, Cabell County, by 
Judge T. H. Harvey. For many years geologists who studied the record 
failed to recognize this formation. 

Within comparatively recent years deeper drilling has proved the 
extensive presence of gas in the Upper and Middle Devonian. In 
northern West Virginia gas in the Elizabeth, Speechley, Riley and Benson 
sands of the Chemung series is now regarded as commonplace; and in the 
southwestern part of the state an even more extensive gas saturation of 
the Genesee (Childres sand) and other shales of the Middle Devonian 
has been abundantly proved. ; 

The rock column beneath these shales is still a region of doubt. To 
date 45 wells have been drilled through the limestone, or limestones, 
of basal Middle Devonian age, overlying the.Oriskany sand and com- 
monly termed the Corniferous. In the writer’s opinion this limestone 
may be the true Corniferous in some cases and in others it may be the 
Lower Selinsgrove resting upon the Oriskany by reason of unconformity. 
In any case no production has been found in it. 

To the Oriskany sand the same number of tests (45) have been made 
with slightly more encouraging results, although in several cases no 
sand has been found. To date there have been five gas wells, one oil 
well, and one combination oil and gas well. A fact of much significance 
is the known presence of gas and oil in large quantities on the Cambridge 
anticline in Guernsey County, Ohio, about 50 miles from the West 
Virginia line. Contrary to the general rule, the Oriskany has shown very 
little salt water in West Virginia. 

The Newburg sand, which is a widely persistent lentil in the Niagara 
lime (Sil.), has been tested 11 times, with four rather good gas wells and 
seven dry holes, some of the latter having made creditable shows. In 
view of these results, and of the prolific production that has been found 
in northeastern Ohio, near Cleveland and Akron, the des WE of the 
Newburg appear vathet good in West Virginia. 
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The so-called “Clinton” sand of Ohio, which in reality is the White 
Medina (Sil.) of New York state, has been tested seven times with barren 
results, except that a show of oil was recorded in Mason County. 

The Trenton lime (Ord.), which probably is 400 to 700 ft. thick in 
the West Virginia oil and gas fields, has been tested to a depth of 65 ft. 
in Roane County, without production. 

The summarized result of these deep tests is indicated in Table 4. 


PROBABLE LINES OF New DEVELOPMENT 


In addition to routine drilling in old areas where new pools of con- 
siderable value, like Lost Run, Pike and Saltrock, remain to be discovered, 
there will be a constant effort to find new production by deeper drilling 
in old and new territory; and perhaps an equally persistent effort to 
extend the productive belt southeastward toward the Allegheny Moun- 
tain region. The use of acid, also, will no doubt revive production in 
declining lime wells and may bring into commercial production various 
marginal areas where shows of oil and gas have been found. 


STATISTICS 


In Table 1 are the production statistics of West Virginia as far as the 
writer regards it prudent to carry these details. In a former volume, 
Smith! has made a serious effort toward the classification of the state by 
pools, of which he lists 154. In a previous publication Arnold and 
Kemnitzer? list 270 pools as of 1929, the writer being partly responsible 
for the data. 

Many of these localities, which may have appropriately been termed 
pools in the years of their respective discoveries, have entirely lost 
significance at the present time by reason of further drilling which has 
merged them into larger units. The boundaries of production in any 
given locality of the state, in fact, are seldom set by any definite alignment 
of dry holes with regard to structure. A more vital governing factor is 
the lithology of the sands, which often prevents accumulation of oil or 
gas in structures where otherwise it might be found, or which, conversely, 
causes accumulation in synclines or on smooth monoclinal slopes. 

In the present. paper the production of the state has been divided 
into 50 “producing areas,” comprising the principal localities, or regions, 
where oil and/or gas have been rather generally found. Some of these 
areas are along rather well defined anticlinal or structural lines; but 
others completely override the structure and embrace a variety of 
accumulating conditions. In general, each area has one or more produc- 


1V. C. Smith: Oil and Gas Production in Kentucky, Ohio, and West Virginia. 
Trans. A.I.M.E. (1934) 107, 229-242. 
2. Arnold and W. J. Kemnitzer: Petroleum in the United States and Possessions, 


157. 1931. 


Tasty 1.—Oil and Gas Production in West Virginia cane 


Average ; Ae . Zone 
Depth, Producing Rock peepested 
| 2 Fs 
— N Z 
on o 
Producing Ara, County oi eae S Structure? . 
Tab o's = Fe 
ea = > 
pl Pa Name Ages F Name ES 
2 a : S c=] 
g| = #|3 = 
Z al 2|/ 6 Pe 
Z ie 4| 3 é . 
3 Ee eeanesy woo A : 
1A] Burning Springs-Voleano, Wirt, 4 : 
“Ritehae, Wool Pleasants aes 7 300 Lasley: Pen} S | 20 |A “ae 5720 ; 
prings : 
1B 500 | 2d Cow Run | Pen | S | 50 | 
1C 600 It en | S | 50 
1D 800 | Big Injun Mis | S | 50 
2 | New Cumberland, Hancock...... 1200 | Berea Mis | S | 15 | MC, ML Berea 1400+ 
3A | Stillwell-Williamstown, Wood....|69} 700 | 1st Cow Run | Pen | 8 | 20 |H Gordon 3016 
3B 1500 | Salt Pen | 8 | 50 
3C 2200 | Berea Mis | § |} 15 
4A | St. Marys-Calcutta, Pleasants. . .|66| - 400 | 1st Cow Run | Pen | S | 20 |H Berea 2000 
4B : 1200 | Salt Pen | S | 50 
4C 1300 | Maxton Mis | S | 25 
4D 1400 | Keener Mis | S |} 10 
4B 1425 |BigInjun | Mis | S | 75 
4F 1900 | Berea Mis | S | 20 
5 | Wellsburg-Bethany, Brooke..... . 52| 1650 | Berea Mis | S | 20 | ML Berea 1675 
6A | Mt. Morri:-Mannington, Monon- . 
galia, Marion... a pte a jot 49} 1900 | Big Injun Mis | S {150 | ML Elizabeth {3000 
6B 2900 | Bayard Dev} S | 10 
7A | Cassville-Fairview, Monongalia, . 
Manon ©25 .earcecereeenee 45} 1600 | Big Injun Mis | S |150 | MC, ML Benson 4700 
7B 2000 | Berea Mis | S | 50 
7C 2100 | Fifty-ft. Dev| S | 50 
7D 2500 | Fifth Dev} S |} 10 
7E 2600 | Bayard Dev| S | 10 
8A | Hundred-Wadestown-Metz, 4 4 
Wetzel, Monongalia, Marion. ..|45| 1900 | Maxton Mis | S | 25 | A,AM,S Elizabeth {3500 
8B 2200 | Big Injun Mis | S /200 
8 2850 Fifty-ft. Dev | S | 50 
8 3000 | Thirty-ft. Dev] S } 20 
8E 3050 | Gordon Stray} Dev | S | 15 
8F 3100 | Gordon Dev| S | 20 
8G 3175 | Fourth Dev | S | 15 
8H 3250 | Fifth Dev] S | 10 
8I 3300 | Bayard Dev| S | 10 
9A | Highland-Cairo-Macfarland- 
Hartley, Ritchie, Calhoun..... 44) 300 | Carroll Pen} S | 40 | AM,H Benson 4450 
9B 1600 | Salt Pen | S /100 
9C 1700 | Keener Mis | S | 25 
9D 1750 | Big Injun Mis | S | 50 
91 1850 | Squaw Mis | S | 25 
10A | Sistersville-Middlebourne- 
MoKims Tiler’... ckecaaene: 44; 700 | Ist Cow Run | Pen | S | 25 | AM, ML,H | Childres 6300 
10B 1300 | Maxton Mis | S | 25 
10C 1450 | Keener Mis | S | 25 
10D 1500 | Big Injun Mis | S /100 
11A | Centerpoint-West Union-Oxford, 
Doddridge..<%. 34... eee 43} 1400 | Salt Pen | 8 | 50 | A, AM, ML,S} Childres 6667 
11B 1600 | Maxton Mis | § | 25 
11C 2000 | Big Injun Mis | S |100 
11D 2700 | Gordon Stray| Dev | S | 10 
11E 2775 | Gordon Dev | S | 10 
11f 2850 | Fourth Dev| S | 10 
11G 2900 | Fifth Dev| S | 10 


9 Footnotes to column headings and explanation of symbols are on page 249, 
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TasBLe 1.—(Continued) 


Average 
Depth, Producing Rock Deepest Zone 
Ft. Tested 
o . 
S| ee ® 
by 0 
Producing Area, County Ss = g Structure? 
z| 3 i é 
S = Name Ages g Name Ss 
re, ° 
2 a 
3 g| = 3| 2 3 
a iH 5 So] 4 
o = B g i=) 4 
a &| o Seles Ey 
Beale) sl 1S Sy a 
12A ae ee Uniontown taneloss ; 
CLEED Scere ee 42] -2200 | Big Injun S |250 | A, AM, ML, 8} Bayard 3597 
12B 3000 | Gordon Stray 5S | 20 ae 
12C 3050 | Gordon S | 25 
12D 3100 | Fourth S | 20 
13A | Smithfield-Folsom, Wetzel....... 42) 2100 | Big Injun Mis | S |200 | AM,ML,S_ | Bayard 3044 
13B 2850 | Gordon Stray} Dev} 8 | 10 = 
13C 2900 | Gordon Dev | 8 | 20 
14 | Big Moses-Wilbur, Tyler........ 40} 1800 | Big Injun Mis | S 150 A Hamilton {6300 
15A | Fink-Newberne-Yellow Creek- 
Richardson, Harrison, Lewis, 
Doddridge, Ritchie, Calhoun....|40| 1800 | Maxton Mis | S | 25 |MC,S Elizabeth 3200 
15B 2100 | Big Injun Mis | 8 |150 
15C 2500 | Berea Mis | S | 25 
15D 2800 | Gordon Dev| 8S | 15 
16A | Jacksonburg-Stringtown, Weizel, 
Tijlen: Soo Reenter « 38) 1850 | Keener Mis | S | 25 |H Elizabeth |3037 
16B 1900 | Big Injun Mis | S {150 
16C 2650 | Gordon Stray | Dev} S | 10 
16D 2700 | Gordon Dev} S | 20 
17A | Cameron-St. Joseph, Marshall...|38} 1800 | Big Injun Mis | S |250 | A,AM,ML |Childres {4500 
17B 2450 | Gordon Stray| Dev} S | 10 
17C 2500 | Gordon Dev | 8 | 20 
18A | Salem-Wallace, Harrison........ 35| 2200 | Big Injun Mis | S |100 |S Elizabeth |3362 
18B 2750 | Fifty-ft. Dev | 5S | 50 
18C 2850 | Thirty-ft. Dev | S | 25 
18D 2950 | Gordon Stray | Dev | S | 30 
18E 3000 | Gordon Dev | S | 30 
19A | Kelly-Leopold (Stout), Doddridge |35) 1800 | Big Injun Mis | S |100 | ML Fifth 3102 
19B 2200 | Berea Mis | 8 | 25 
19C : 2500 | Gordon Dev | § 5 
20A | Marshville—Wolf Summit—Big 
Isaac, Harrison, Doddridge... . 1900 | Gordon Stray | Dev | S | 30 | A, ML Speechley |3700 
20B 2600 | Gordon Dev | S | 25 
20C 2700 | Fifth Dev | 5 | 10 
20D 3600 | Speechley Dev | S } 10 
21A | Spencer-Flat Fork-Gay, Roane, 
JACKSON: scissile «'eioig IOP 2 oe 35) 1600 | Salt Pen | S {200 |A,S Trenton 9104 
21B 2400 | Berea Mis | S | 20 
294 | Kermit-Breeden-Chapmanville, . 
Mingo, Wayne, Logan......... 35/ 600 | Ist Salt Pen | 8 |250 | A, Af, ML Corniferous |3652 
22B 1000 | 2d Salt Pen | S | 35 
220. 1075 | Breeden Pen | S | 50 
22D 1200 | Maxton Mis | S | 25 
22K 1300 | Big Lime Mis | LS |200 
22F 1500 | Keener Mis | SH} 10 
22G 1550 | Big Injun Mis | 58 | 35 
22H 2100 | Berea Mis | § } 15 
221 2900 | Childres Dev | H |100+ 
23A | Copley-Sand Fork, Lewis, Gilmer |34| 2500 | Gordon Stray| Dev| S | 15 |S Fifth 3276 
PD oe 2550 | Gordon Dev| S | 15 
23C 2700 | Fifth Dev| 8 } 15 


¢ Footnotes to column headings and explanation of symbols are on page 249. 
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TaBLE 1.—(Continued) 


a ieee ee 
Boek Producing Rock "peated ae 
g z : 
g| 8 g 
sl = 5 i 
Producing Area, County Ce] s Structure? RS! 
f 3 Name | Age? Z Name | 
E a = g ba 
: ° s|3 S 
é a Sila 
a ra 2 5 i= 2 
oa oO _ 
5 # é Lek See Rowe 
24 | Rosedale-Eden, Brazton, Gilmer, 4 
aLhorknis pra aois ja stovstis\eiares ela 33| 1350 | Rosedale Gas| Pen | S | 75 | MC Bayard 2668 
1500 | Rosedale Salt | Pen | S | 50 
25A | Stumptown-Millstone, Gilmer, 3 
Cahn Aa ee 33| 1400. | Salt Pen | S| 50 |A,MC,ML | Elizabeth |2800 
25B 1700 | Big Injun Mis | 8 | 50 
25C 2000 | Berea Mis | § | 25 
25D 2200 | Fifty-ft. Dev | SH | 25 
26A Milton-Hamlin-Griffithsville, ts 4 
Cabell, Lincoln. cies «aeas clea oe 31] 1000 | Salt Pen | 5 |300 | MC Clinton 4850 
26B 1400 | Big Lime Mis | LS |100 
26C 1500 | Beckett Mis | 8 | 50 
26D 2200 | Berea Mis | S§ | 25 
26E 3000 | Childres Dev | H |300 
27 | Craddock, Upshur.............. 29| 1300 | Weir Mis | S | 50 | MC Benson 5038 
28 | Walton-Clover Run, Roane...... 27; 1700 | Big Injun Mis | 8S | 50 | ML Berea 2500 
29A | Belleville-Lee Creek, Wood....... 27; 1900 | Berea Mis | S | 20 |H Tully 4092 
29B 3800 | Childres Dev | H |250 
30A | Branchland- East Lynn-Wayne- 
Dunlow, Lincoln, Wayne...... 26| 900 | Breeden Pen | 8S | 50 | A, AM, ML, | RedMedina/4303 
MC (Queens- 
: ton) 
30B 1100 | Big Lime Mis | LS /200 
30C 1300 | Big Injun Mis | S | 25 
30D 1900 | Berea Mis | S | 20 
30 2700 | Childres Dev | H |300 
30F 3800 | Newburg Sil | LS | 15 
31A | Charleston-Clendenin-Clay, 
Kanawha, Clay. .....0...0...- 25) 1400 | Big Lime Mis | LS |150 oP ML, | Oriskany (4950 
31B 1550 | Big Injun Mis | S | 50 
31C 1650 | Squaw Mis | S | 25 
31D 1800 | Weir Mis | 8 | 50 
31E 3800 | Childres Dev | H {300 
31F 4800 | Oriskany Dev | 8 } 25 
32A | Shinnston-Clarksburg-Weston, 
Harrison,Lewis.............. 25} 1400 | Big Injun Mis | 8 {100 | A, AM, ML, | Childres 6800 
MC,S ~° 
32B 1700 | Berea Mis | S | 25 
32C 1775 | Gantz Dev | S | 25 
32D 1850 | Tifty-ft. Dev | 8 |} 50 
32E 1950 | Thirty-ft. Dev} S | 20 
32F 2025 | Gordon Stray | Dev| S | 15 
32G 2100 | Gordon Dev | 8 | 20 
32H - 2175 | Fourth Dev| 8S | 15 
tf ae Foe % Dev| 8 | 20 
peechley Dev | S | 15 
32K 4200 | Benson Dev} 5 | 10 
33A | Bridgeport-Pruntytown-Samaria, 
Harrison, Marion............. 25) 1300 | Big Injun Mis | S {100 Pare ML, | Salina 7579 
Cc,s 
33B 1750 | Fifty-ft. Dev | S | 50 
33C 1850 | Thirty-ft. Dev | S | 20 
33D 2200 | Fifth Dev| S } 15 
oat peechley ev 15 
33G 4100 | Benson Dev| S | 10 


i SS ee ee 
¢ Footnotes to column headings and explanation of symbols are on page 249. 
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TasBLE I.—(Continued) 
Average L 
Depth, Producing Rock Deepest Zone 
Ft. Tested 
st S = 
g) s : 
: ‘s| g 
Producing Area, County ~3| = = Structure? a 
i=] 3 x ion 
ee z Name Ages d Name Bs 
2s & 
g oat = ie, = 
3 Se ae 2/3 S 
fe ae B B| & é 
= oO Gt » Q 
a @| & B law a 
34A | Frenchton-Walkersville, Upshur, 
CUS et /A BAR iio.e cere eek soe 25) 1500 | Big Injun Mis | S {100 | MC Kane 4665 
34B 1650 quaw Mis | S | 25 
34C 1900 Fifty-ft. Dev] S | 40 
34D 2000 | Thirty-ft. Dev| 8S | 20 
34E 2100 | Gordon Stray | Dev | 5 | 15 
34F 2200 | Gordon Dev| S | 20 
34G 2275 | Fourth Dey | S | 15 
34H 2500 | Elizabeth Dev| 5 | 10 
341 4200 | Benson Dev | 5 | 10 
35A | Roanoke-Burnsville-German, 
Lewis; Brazton.........<..--- 22) 1300 | Salt Pen | S |100 pe MC, | Elk 5020 
35B 1600 | Maxton Mis | S | 25 
35C 1800 | Big Injun Mis | S {150 
35D 2000 | Weir Mis | 8S | 25 
35E 2100 | Berea Mis | S | 10 
35F 2200 | Fifty-ft. Dev} S | 40 
35G 2300 | Thirty-ft. Dev | S | 20 
35H 2400 | Gordon Stray | Dev | S | 20 
351 2475 | Gordon Dev| S | 20 
36A | Racine-Madison, Boone......--. 22) 1200 | Big Lime Mis | LS |200 | A,AM, MC | Oriskany  |4510 
36B 1900 | Berea Mis | 5 | 20 
37 | Cabin Creek-Joes Creek, 
Kanawha, Boone......-..-+-- 20) 2500 | Berea Mis | S | 35 | MC Berea 3282 
38A | Overfield-Johnstown, Barbour, ‘ 
TIGIASOTie sees desl e, ost sos 19] 1850 | Fifty-ft. Dev| S | 50 | AM, MC, H | Benson 4558 
38B 3800 | Riley Dev | S | 10 
38C 4100 | Benson Dev | S | 10 
39A | Baldwin-Glenville-Normantown, 
ON Oe Stee OF ea ar etree 18} 1000 | Salt Pen | S§ |100 a Ee MC, | Elk 5640 
39B 1200 | Maxton Mis |} S | 25 
39C 1400 | Big Injun Mis | S | 50 
39D 1700 | Berea Mis | S | 25 
40A | Jarrolds Valley-Prenter, Raleigh, p 
HIN BESBSEE OR Sona COCROnOGe 15} 1800 | Maxton Mis | § | 50 |ML,MC,S | Oriskany 6117 
40B 2200 | Big Lime Mis | LS |300 
40C 2550 | Weir Mis | S |100 
41 | Sandy Summit, Roane, Jackson, 
War bonsce tects tense Saleiele. 15} 2500 | Berea Mis | § | 20 | MC Berea 2600 
42A | Ethel-Clothier, Logan, Boone..... 13} 1300 | Salt Pen | S {100 | MC Salina 5958 
42B 2000 | Maxton Mis | S | 30 
420 2200 | Big Lime Mis | LS |200 
42D 2900 | Berea Mis | 8 | 20 
43A | Pineville-McGraw-Slab Fork, j 
Wyoming, Raleigh.........+-+ 13) 1200 | Princeton Mis | S | 50 | A, MC Cemnna; 4042 
ortage 
43B 2400 | Big Lime Mis | LS |400 
44A | Huntington-Barboursville-Sarah- : 
Kenova, Cabell, Wayne....... 10; 1100 | Salt. Pen | § |100 |S Clinton 3805 
44B 1500 | Big Lime Mis | LS |150 
44C 2300 | Berea Mis | § | 15 
44D 3100 | Childres Dev | H |250 


2 Footnotes to column headings and explanation of symbols are on page 249. 


TaBLE I.—(Continued) 


Deepest Zone 
: ested 
“| & 
=| os g 
's| 
Producing Area, County |5] ‘2 £ PP 
=I I < qe 
i z g Name é 
£ é s 
i=] 
: g) 3 $12 “s 
is) Q ‘S ° 
Zz a) 5 2 | & 4 
g g| Z| 3 z 
a @| 6 Mi ees 
45A | Pratt-Winifrede, Kanawha...... 10 Big Lime LS |200 Salina 5595 
45B Squaw S | 40 
45C Weir 8 
45D ‘ Berea NS] 
46A | Hookersville-Muddlety, Nicholas. Salt § Speechley /4348 
46B Maxton iS) i 
46C Big Lime Ls 
46D Big Injun s 
47A | Delbarton-Lenore, Mingo....... Big Lime LS Red Clinton|4848 
47B Big Injun S$ 
47C Newburg LS 
48A | Bozoo, Monroe, Summers........ Indian Mills Ss Chemung |3522 
48B Squaw $ 
48C Weir iS) 
49 | Cottageville, Jackson........... Childres H Tully 4038 
50A | Welch-Elbert, McDowell........ Pocohontas Ss 
50B Berea s Oriskany /|6639 
Area Proved, Acres (Figures by Smith) Total Oil Production, Bbl. 
Average Barrels 
per Well Daily, 
oil Gas To End of 1934 | During 1933 Dinvtag 199g} oromber, 16 
578,750 990,550 391,356,000 3,827,000 4,087,000 - 0.58 
Total Gas Production, Millions Cu. Ft. Number of Oil and/or Gas Wells 
At End of 1934 
To cn of Dae During ae mee to Completed 
19% 1934 1934 i 
nd 0 during 1934 Producing Oil | Producing Gaa 
Only Only 
5,786,705 95,607 95,000+ 60,000+ 458 18,850+ 12,700+ 


9 Footnotes to column headings and explanation of symbols are on page 249. 


tive sands and possibly several types of accumulation. Where several 
productive sands are noted a single well may produce from only one or 
possibly from three or four zones, but seldom from the entire list. Depths 
of sand may vary considerably throughout each area. Age of develop- 
ment is necessarily set as the first significant discovery, regardless of 
later enlargements, which may have caused extensive redrilling. 
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TaBLeE 2.—Summary of Drilling Operat 


(Figures in body of tabulation represent number of holes.) 


or In- 


Drilling 


Completed during 1934 


Dry and/or Near-dry 
Holes 


Total Depths, Ft. 


Completed Prior to Jan. 1, 1935 


Dry and/or Near-dry Holes 


Total Depths, Ft. 


County 


foyerojdxy | COSSS SoSSS SoSSS SSeSS SSoKR SSOSS SooSSo cecoes oSoocSe SceoSooSo SooSoSoS 
SCOMHH KOHHO HOOCSCO CHOON CHT KM ATHOSS SSOSOSO SOHSoSH NOAHS SCONHS SONMAS 
Sploly UIGI1M al 4 
91q%L 2 SSSnsS SASCSoH SONHS SCOnRMH SCONLCS 
SCARS SOnSS BSENeS BOSSA SNSSOH Semen a2ooo7 oon ax = on 
splejeq 10,7) = 
wioy, | SSNSH MQoNS SooSS SCOTS ANSSA SOSSS NSSSS SHOSS SOo_NS SOaSS SMMANS 
: = Py) 
ooo's-000'g | COTES SeSeeS SoeeS SeSeSD SHSCoH4 SSSeS NOSES SSS95 SoSSS SoeSS on-oso 
000'e-000'2 | Senos ANSTO WOODS SSOSOH SEDOSD SCSOSOOSD SSOSoSD SCSoSSS CONNS SOSSS CNSOS 
tn. “ CooeH sOOHSO NOCCOSD SCOHOD Sooo SD SCoOSCeoD Sooo D CNC SO SD SCOOMOe SOMOS SCOANS 
000°G-000'T = gS 
000'T-0 ©coeoSe ScooSoSo SCCOSD Seo Ooe HSOSCOSD Soe SSD Sooo S omeeS Sooo O SONS S SCONSS 
(1 219481 999 WOKKH KKH KR KOSOK SOKHOK HHROH HOOOD HASORK SCKOSH NOKHU MOKSK SM MHD 
srejyeq Joq)| % : a 
ANNS oD BRAN coo K KOO Hr et ~ KK KMS 
jeno,| BOX K KKK KR KONTK CKHOM MMM ME Ss Qe x x x 
ooo'ot-00's | CPSSS SeeeS SooSoS SSoSSS SeSoSS SeSSeo SSeSo SSeSesS Soon S SSSSS SSSS5 
000'8-000'2 | eccoooso coooS SCoOooo CneSoOe COS OH SCOSeD SCCeoSoSO SOOO OD SOO SCO SCSCOSeS CSoScoS 
on'z-n00'9 | COMES Seeee SooSS SHOOD SSoONS SOSSS SSSSS SeSSS SSSSS Sones S555 
0009-000 | MOSSS SSOSoOH HOOSCO OKOOH CHHOO SOHOS HOSOSS SOSoSSD SHOSoSO SSoOoOoSD SoSH 
000's-000°r | MOHOS BHOHSOO KHOSCSCO CKOOH KHKNOK KMOSSD FHOSOCH SOOnH ANNONH FHHNT OKONS 
000‘F-000'E moO Kh MK bo Pe bd Pd aD hm) CoRR KO K MR COS HM xR OMN HOON HM So Km Ho KKN OO hr = KK Kee 
000's-000'g | SKM MMM Mm HOO HM SHHOK HMEOK KOO KOSS KH SHOMH ANH MO BOM MH AK KMS 
000'2-000'T | OOK MH KKK KN HOH SHKOK KM OM HONS HON KH KOSH GAKKN COKMK KH HO 
‘ COKKK KKK KO HOOCOK SME x 
000'T-0 
Bos, HR 1g a sa : 
Pig: He! Ros, IOs is Bs 
305 . o 4 7 Boag 
gees 92,58 3 2ga8 
3 5 a5 > BI Saag 
Ele ie oS so § Om Oo 
mamaamMm OCOOAR O AA 8 
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If necessary, the list of producing areas might be somewhat enlarged 
by inclusion of minor isolated discoveries that have no great present 
significance. Such areas may properly remain unlisted until more 
extensive drilling proves or disproves their worth. 

In Table 2 all counties of the state, including four that have had no 
tests, are listed, with such details regarding dry holes and productive 
wells as may be prudently furnished. In 27 counties, where production 
is more or less general, no details are given except with regard to the 
deeper exploratory tests. In 22 counties, where drilling is scattered or 
new, the information is fairly, or in some instances, entirely definite 
and actual figures may be used with reasonable certainty. 

In the earlier review by Smith’, the attempt is made to classify all 
the drilling of the state by counties and depth of hole, resulting in a 
figure of 51,698-+ wells and a further estimate that ‘‘more than 65,000 
oil and/or gas wells, including nonproductive wells, have been drilled 
in West Virginia.”” Arnold and Kemnitzer‘ give a figure of 57,597 wells 
drilled from 1860 to 1928. These varying figures illustrate the futility 


TABLE 3.—Summary of New Production 


Oil Gas 
County Sah 
\ Number Bbl. Number | M. Cu. Ft. 
of Wells | per Day | of Wells | per Day 
33 3 20 28 19,631 2 
1 0 0 1 
31 0 28 17,069 3 
68 18 191 38 11,066 12 
5 2 20 3 418 0 
8 3 13 3 4,200 2 
45 12 1,366 23 11,865 10 
1 1 2 0 0 
2 2 2 0 0 
1 0 0 1 
19 2 210 16 9,215 
tue 0 0 i 
10 0 9 1,414 1 
1 0 1 100 0 
6 3 37 2 188 1 
9 4 31 5 1,526 0 
“ : 20 500 0 
1 
teede eolsVotececan seas seiaua nts cate Ghat Manta tegise Lote rere 11 5 55 4 1 338 2 
Ninholas.toccth'sncacassts Sone techie been ee 1 0 1 100 0 
14 4 33 5 640 5 
4 0 4 764 0 
154 79 3,546 43 17,414 32 
38 17 171 17 13,619 4 
16 7 15 0 9 
3 0 3 1,50! 
i 7 23 4 O18 0 
13 2 31 8 4,900 3 
18 vf 9 8 5,816 3 
8 6 17 0 2 
553 184 5,792 274 124,398 95 
ie 


3 Reference of footnote 1. “Reference of footnote 2, 166. 
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of any attempt to give positive statistics on the older producing counties, 
although the researches of Mr. Smith and his organization are known 
to have been extensive and are well worthy of serious consideration. 

In Table 3 is a summary of new production for 1934 as gathered from 
trade journal reports. 


TABLE 4.—Summary of Tests to Corniferous Lime and Deeper Formations 
in West Virginia 


cane Corniferous Lime Oriskany Sand Newburg Sand “Clinton’’ Sand 
County ber of 
Wells c re : t ’ 

Oil | Gas | Dry | Oil | Gas | Dry |} Oil | Gas | Dry | Oil | Gas | Dry 

2 0 0 2 0 0 2 _ _ _— —— — — 

2 0 0 2 0 0 2 0 0 1 0 0 1 

1 0 0 1 0 0 1 — —— _— _— _ — 

1 0 0 1 +); — _ _— _— _— _— — _— 

8 0 0 8 1 5 2 —_— _ _ — — — 

PON eer ot Oe te sie Wr Olea dt |) peo ale oe 

2 0 0 2 0 0 2 —_ — =_ _ —_— — 

1 0 0 uy 0 0 1 _— _— — _— _ _— 

1 0 0 1 0 0 1 _ _ _ — _ _— 

6 0 0 6 0 0 1 0 0 1 0 0 1 

1 0 0 1 0 0 1 _ — — — —_ _— 

Mingarer ne seen cos seins 3 0 0 3 0 0 3 0 1 1 — — — 
Pendleton............. 1 0 0 1 0 0 1 _— _ — _ _ — 
3 0 0 3 0 0 3 _ = _ —_ = _— 

1 0 0 1 0 0 1 0 0 1 0 0 1 

1 0 0 1 0 0 al 0 0 1 0 0 1 

1 0 0 1 0 0 1 _ = _ = _— _ 

6 0 0 6 0 0 6 0 3 0 0 0 3 

3 0 0 3 1 1 2 0 0 1 _ _ _ 

0 0 45 2 6 32 0 4 iG 0 0 ij 


+ Dashes indicate that the formation was not reached. 
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Oil Development and Production in Wyoming in 1934 


By Joun G. BARTRAM* 
(New York Meeting, February, 1935) 


Tuer oil business has been relatively quiet in Wyoming during 1934. 
Only 34 producing wells were completed, 54 dry holes were drilled, and 
at the end of the year only 30 wells are listed as drilling. Wyoming 
still has a large reserve of production shut in, mostly in black oil or 
asphaltic base fields in the northwestern part of the state. 

The total oil production increased from 11,171,500 bbl. in 1933 to 
12,539,470 in 1934, but light oil production continued to decline, and 
the increase was made by black oil fields. This is partly due to natural 
decline of light oil fields, especially Salt Creek, Big Muddy and Lost 
Soldier, but largely because of increased demands for road oil. The 
Rocky Mountain states spent much money to build and improve roads 
and a greater amount of road oil was used. The refining of black oil to 
manufacture road oil produced gasoline as a byproduct that slightly 
decreased the demand for light oil. The Oregon Basin and Frannie 
fields, in the Big Horn Basin, moved into second and third places in the 
list of producing fields in Wyoming because of their increased black oil 
production, and Big Muddy and Lost Soldier, light oil fields, dropped 
back. Wyoming stayed elose to its allowed production, which was 
based on the needs of the refiners and purchasers. 

This activity in black oil resulted in a few more wells in the fields of 
the Big Horn Basin, but the greatest amount of drilling was in the 
shallow Osage field in eastern Wyoming. Osage supplies many little 
topping plants and at the close of 1934 there was not enough oil available 
there to supply all of them. In the Lost Soldier field and Salt Creek, 
one major company was rather active in a campaign to deepen, clean out 
and repair old wells to increase production, and the figures of that work 
are not included here. Of the light oil fields, Lance Creek promises to be 
most active during 1935, since the two wells in the recently discovered 
Sundance sand pool are producing and more wells will be drilled. 

With wildeatting almost at a standstill, two new oil fields were 
discovered in Wyoming in 1934. In Albany County, a 75-bbl. oil well 
was completed on Quealey dome in the Muddy sand (Upper Cretaceous) 


Manuscript received at the office of the Institute Feb. 19, 1935. 
* Division Geologist, Stanolind Oil and Gas Co., Casper, Wyo. 
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| Line Number 


Total Oil Production, Bbl. 


= 
°o 
3 Area Proved, Acres 
[<3] 5 
Dail. 
Field, County 2 ea 
Zz : To End of | During During age 
iS DP Ou 1934 1933 1934 |during 
nat Oil | and | Gas | Total Nov., 
ge Gas¢ 1934 
Alkali Butte, Fremont..........-.-. 6 40 300} 300 8,130 0 0 0 
Allen Lake, Carbon...........----- 1 0 0} 200) 200 
Ant Hills, Niobrara...........-...- 7 40 0 0 40 7,378 0 0 0 
Badger Basin, Park................ 4 | 200) 0 0| 200 60.350 | 16,700] 14,650] 40 
Baxter Basin, Sweetwater ; 
HMrontionsaiiec enclose ete e ie 12 7,467| 7,467 
PakGts Sah vee sence eras 12 4,310} 4,310 
MPOtal cue ods clbaisenicee vos 12 7,467| 7,467 
Big Muddy, Converse 
MAHON ea Nelsiee cleo Beis eles 18 2,000: 2,000} -1,cra,cax x z £ 
WalliCroek tink scsinscceaeenss 18 2,600: 2,600| 22,caz,c¢2 602,202 582,202 | 1,590 
Dako teak eeste Sette ote viene ele is/eus 12 400 400 472,202 42,000 42,202 110 
: EP iyi nee eb ciwinieis «Mates actrees 18 2,600 2,600) 23,683,000 647,000 628,000 | 1,700 
Big Sand Draw, Fremont 
Well Cree licn. cis asinine essence 17 1,200} 1,200 
IMORTASON Stony oat amiss ors hist .- 4 300} 300 
BR itall iereteraes aclarrs ere ele totetels 17 1,200} 1,200 
Billy Creek, Johnson..........--+-- 13 700} 700 
Black Mountain, Hot Springs 3 
at ste ease is oc eee 9 60 60 26,000 0 22,220 0 
Wensleeps.s seeker sce ceaece 11 300 300 32,000 0 26,202 0 
MP Otal Greece sls eeleveistelnein ss 11 360 360 68,500 0 48,600 0 
Bolton Creek, Natrona 
Sundance. 50 50 3a,20% 0 0 0 
leer onder coe ore. aeanone 50 50 la,z2x 0 0 0 
"Potala 8h als we scagineeniae's ols 14 50 50 45,640 0 0 0 
+ ab) Steg Hs : Sey oe 14 300} 300 
on (Hast Byron), Big Horn 
= Th ginitle eo AGG ECHR IED. .oRIOULDE 12+ 500} 500 
Sundance: daeewc. si. ewe om 5 40 40 14,000 0 0 0 
Mensleep seen tts sna cw’ = 2 600 600 157,000 9,000 111,000 420 
PObAL eels <isicresatzcteuniore oc 12+ 600 500 600 171,000 9,000 111,000 420 
Circle, Fremont......-.-+-++-++++- 11 250 250 0 0 0 0 
Dallas--Derby, Fremont......-..-+-- 51 350 350} 1,876,500 151,000 218,500 810 
Dutton Creek, Carbon.........---- 8 
Sa MOMeE ies ov cfs stirs miclsiaiel 8 800) 800 
MMUdd ys iis vicis ere eines sa rcsee 8 150 150 160,200 24,300 27,200 68 
| ee eer nen 8 150 800 800 160,200 24,300 27,200 68 
East Mahoney, Carbon . 
Wakata cen eiisaielstaisAeyeieee ac, 13 3,100) 3,100 
CIT Hie lier, SOG COR Ondo Sen eae 9 3,500} 3,500 
Gta 3. esiev sz aaa eee o> 13 3,500) 3,500 
Hight Mile Lake, Carbon.........-. 11 250} 250 
Elk Basin, Park 
raptor |S Gaere cies so ce Senet 19 580 580} 10,250,600 212,000 201,600 400 
13 1,200) 1,200 
580 1,200} 1,200) 10,250,600 212,000 201,600 400 
500 500 
200 200 468,920 6,950 7,120 14 
500 500 0 0 0 0 
640 640] 1,296,400 77,500 622,400 | 2,155 
10 10 70,000 9,000 6,000 15 
650 650} 1,366,400 86,500 628,400 | 2,170 
40 40 340,000 0? 0? 0? 
1,200] 1,200 : 
1,650} 1,650 
960 960 742,000 172,700 249,000 420 
960 1,650) 1,650} 1,082,000 172,700 249,000 420 
120 120 
1,400 1,400} 22,794,000 53,900 354,000 | 1,650 
900 900} 1,284,000 218,000 0 0 
1,400 1,400] 24,078,000 271,900 354,000 | 1,650 
640 640 244,700 1,850 1,150 5 
640 640} 3,337,000 220,000 303,000 790 
300 300 0 0 0 0 
640 640] 3,337,000 220,000 303,000 790 


ee eee 


a Footnotes to column headings and explanation of symbols are on page 249, 
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TasBLe 1.—(Continued) 
a 


_ Field, County 


Age, Years to End of 


1934 


Hidden Dome, Washakie. . 
Labarge, Lincoln, Sublette.... : 
Lake Creal, Hot Springs........... 
Lance Creek, Niobrara 

Dakotas accuses weeerccera as 


Par, 
Little Grase Creek, Hot Springs..... 
Little Polecat, Parken, Sa. 
Lost Soldier, Sweetwater 
Prontlersey cet ciree aes eee 


Dakotaneaceccctesdre ate ages 


Maverick Springs, Fremont 
Midway, Natrona................. 
Mule Creek, Niobrara.............. 


Muskrat, F'remont...... 
North Baxter, Sweetwater 
Prontiersace<c seen: dos paces oe 
Dakotas. .sraictnigee, ate crekiie. tatters 


AW 
North Byron, Park. ........ ee. .+s 
North Casper Creek, Natrona....... 
North Sunshine, Park.............. 
Notches, Natrona...............5. 
Oregon Basin, Park 
Dakotas caer ah en aviareussacieus 


Motal) sirius oteut tote cuaxtes scree 
Quage; Westoniiiscscctsnacet esses 
Pilot Butte, Fremont 


Poison Spider, Natrona 
Powder River, Natrona............ 
Quealey, Albany... 0... cccav acre 
Rex Lake, Albany.....s.0..sacce0s 
Rock Creek, Carbon 
Salt Creek, Natrona 
st: Wall'Oreekyc.w om: cane 

2nd Wall Creek......... 
Lakota........ 
Sundance. 
Tensleep.. 
Total 


Area Proved, Acres 
Oil 
Oil | and | Gas | Total 
Gas 

60 640) 700 
950 950 
100 100 
1,500 1,500 
600 600 
600) 1,500 1,500 
340 340 
110 110 
350 340 
4,800) 4,800 
160 160 
500 500 
200 200 
350 350 
100 100 
100 100 
350 350 
1,400} 1,400 
1,660} 1,660 
200 200 
200 1,660} 1,660 
1,400 1,400 
200 200 
220 220 

100 1 
220 220 
500 500 
100 100 
1,200) 1,200 
3,700) 3,700 
3,700} 3,700 
800 800 
100 100 
150 150 
400 400 
1,300] 1,300 
10,000 10,000 
10,000 1,300] 10,000 
10,000 10,000 
250 250 
400) 400 
250 400 650 
100 100 
300 300 
45 45 
400 400 
150 150 
100 100 
200 200 
1,300 1,300 
4,350 4,350 
21,450 21,450 
2,030 2,030 
660 660 
640 640 
21,450 21,450 
200 200 
160 160 


, 
OIL DEVELOPMENT AND PRODUCTION IN WYOMING IN 1934 


Total Oil Production, Bbl. 
Daily 
eee Aver- 
To End of | During ing | age 

1934 1933 1934 {during 
Nov., 

1934 
10,000! 2,5001 7,500 20 
3,851,000 342,000 440,000 | 1,350 
0 0 0 0 
4,264,000 27,500 | 50,0001] 150 
71,000 71,0001 100 
4,335,000 27,500 121,000 250 
650,000 7,000! 7,000: 10 
884,000 112,000 101,000 290 
1,534,000 119,000 08,000 300 
1,000,000! 35,000 120,000 330 
12,918,000! 343,000 283,000 850 
3,000,000+ 230,000 270,000 470 
500,000 0 4,000 0 
17,418,000 608,000 577,000 | 1,650 
0 0 0 0 
0 0 0 0 
0 0 0 0 

128,000 37,500 34,000 65 
1,192,000 400 7,coa 45 
OOD 0 2,222 40 
1,194,000 400 9,000 85 
1,874 0 0 0 
0 0 0 0 
170,000 0 0 0 
5,103,000 155,000 798,000 | 2,700 
5,103,000 155,000 798,000 | 2,700 
3,142,000 267,000 297,000 730 
512,200 9,500 9,000 33 
512,200 9,500 9,000 33 
0 0 0 0 
11,700 0 0 0 
615,000 100,000 108,000 180 
0 0 0 0 
213,200 2,600 8,200 55 
15,440,000 460,000 540,000 | 1,430 
46,200,000 505,000 450,000 | 1,350 
193,300,000 | 5,365,000 | 5,000,000 | 13,600 
14,500,000 745,000 675,000 | 1,950 
4,560,000 535,000 475,000 | 1,350 
65,000 0 0 0 
258,650,000 | 7,150,000 | 6,600,000 | 18,250 
55,400 0 0 0 
159,000 0 0 0 


— ee eee eee 


1 Estimated. 
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TaBLE 1.— (Continued) 


Total Oil Production, Bbl. 


Ct 
3 Area Proved, Acres 
& 6 
sg Field, County £ i hee 
g g ‘ To End of | During During age 
2 iS _ | Oi 1934 1933 1934 |during 
= Oil ies Gas | Total ov., 
=I a> a 
3 a as 1934 
118 | South Casper Creek, Natrona....... 12 240 240) 2,055,650 61,000 79,650 20 
119 | South Sunshine, Park.............. 300 300 0 0 dar 
120 | Spindletop, Natrona........ . 80 80 0 0 0 0 
121 | Spring Creek, Park......... 250 250 0 0 0 0 
122 | Spring Vadley, Uinta....... 400 400 51,500 2,000 2,100 10 
Teapot Dome, Natrona 
123 WalliGreele sch... oi5-,s50 00 bos teh 12 640} 2,000 2,640) 3,000,000! 0 0 0 
124 Dale ne. oc cee cote = hes atets 12 z tc 678,800! 7,600 8,800 20 
125 Total.. Fe. ee eee wee oc 12 640) 2,000 2,640) 3,678,800 7,600 8,800 20 
126 | Tore! ht, Big Hort 2 oe os sess oaare| 19 600 600 96,000 0 0 0 
127 | Warm Springs, Hot Springs......... 17 200 200 216,150 0 0 0 
128 | Waugh, Hot Springs............... 1 100 100 0 0 0 0 
129 | Wertz, Carbon 
130 Brontion doe. -)o.f-feees. <4 6 el cpare 9 100} 100 
131 Dakotagoscites. + smn eeeicea~- 14 500 500 
ae Wakotsn rt aee es sate oichrae df 500 500 
134 SURGANCE iy iste wis aiepaision cies ores 5 200! 200 
135 Ee) oe ee ee ae 14 500 500 
136 Total, Wyoming.............. 51,895] 4,100] 33,897) 89,892) 370,109,792 | 11,171,500 12,539,470) 36,235 


at a depth of 3175 ft. It is considered a seismograph discovery, since 
the crest of the structure was missed by surface geology and two dry holes 
drilled before the anticline was ‘‘shot.’’ The Muddy sand is fairly thin 
and the importance of Quealey depends on whether oil will be found also 
in the Dakota or Lakota sands, 100 to 200 ft. below the Muddy sand. 
The other discovery was at Waugh dome, in Hot Springs County, on 
almost the last day of the year. A 600-bbl. well of 28° gravity oil was 
completed in the Embar lime at 3800 ft. It is an interesting well, 
especially since it is close to a pipe line, but the structure is well defined 
on the surface and the pool cannot be very large. 

Production practice changed little during 1934. Most of the wells 
in the state are pumped and relatively few flow. There are probably 
no wells on gas-lift or air-lift in the state, although’several years ago one 
was used for a time at Lost Soldier. Gas drives have been in use at 
Salt Creek, Labarge, Elk Basin and Lost Soldier, and perhaps at a few 
other places, but there has been no attempt to inject air or water into 
the reservoir rocks. 

The natural gas industry was also relatively quiet, with no decided 
change in field or market conditions. A few wells were drilled in the 
Baxter Basin area of southwestern Wyoming, to comply with lease 
obligations and field programs. Some exploratory work was done in 
southern Wyoming to develop additional reserves for the recently opened 
gas market at Laramie. Almost no gas wells were drilled in the central 
and northern parts of the state. The existing pipe lines have ample 
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Average roduction, 
Bbl. 
re | 
Per Acre | Acre- Daily 
to End of | Foot autin 
S| 1934 | to Bnd | Qne 
g of 1934] jg,’ 
Z 
& 
A 
1 200 6 0 
2 
3 180| 30 0 
4 300 8 | 40 
5 
6 
7 
8 500 8 x 
9 8,450) 84 | 12 
10 TSUN Ea) Pe 
11 9,150 
12 
13 
14 
15 
16 435| 12 0 
17 100 1 0 
18 190 0 
19 700| 70 0 
20 200) 13 0 
21 913 0 
22 
23 
24 350| 35 0 
25 262 4 | 420 
26 284 
27 0 0 0 
28 5,350| 36 | 17 
29 
30 
31 1,000} 34 | 23 
32 1,000 
33 
34 
35 
36 
37 17,900 | 448 3 
38 
39 17,900 
40 
Al 2,340] 94 1.6 
42 Ore RN 
43 2,030} 20 | 196 
44 7,000 z | 
45 2100 
46 8,500] 240 0 
47 
48 
49 770 4 | 140 
50 1,120 
51 
52 16,300] 80 5 
53 1,420 7 0 
54 17,300 
55 380| 19 3 
56 5,200] 104 | 27 
57 0 0 
58 5,200 
59 150 = 10 
60 4,050] 27 | 20 
61 0 0 
62 2,840} 40 | 30 
63 120 7 50 
64 2,900 36 
65 1,900] 32 5 
66 8,000} 63 | 56 
67 4,500 
68 
69 


TaBLE 1.—(Continued) 


To End 
of 1934 


3,9701 
2,300! 


2,300! 


6251 
6251 
8,000" 
15,0001 
23,000! 
4,600! 


18,000! 
18,000! 
0 


24,000 


58,000! 
58,000! 


12,100" 


During 
1933 


oo 


80 
100! 


2,750! 
2,750! 


715 
125 


During 
1934 


eo 


701 


100! 


2001 


200! 
10! 
150! 
160! 
50! 


est 1,700 
est 1,700 


Total Gas Production, Millions Cu. Ft. 


eee 


eeoe 


eenee 


eoce 


oe ee 


Number of Oil and/or Gas Wells 


— 


a 


Completed to End of 1934 


149 


During 
1934 At End of 1934 
> é b> 

2138/6] » 

3 | 

ee 5 rot Z ee | 

z| Ele vile! = 
a 5A 2 Bhs fe 
go 3] 2 ee ee 2: 
B\2\84| 2/2/21 2 
Oo} =< le"] a a] ea 
0| 0 3 0; 0 0 0 
2; 0 0 0} 0 3 3 
0} 0 1 0| oO 0 0 
0; 0 0 1; 0 0 1 
1 0 0 0} 0 8 8 
O19 0 0} "O) pAsh eas 
8 0 Oo} 0] 19), (19 
0} O} 21 “149 0} «14 
0} 0 4; 130] 0 0} 130 
0} 0 0 41 0 0 ry 
0| O| 25) 148) Oj; 0 148 
0| 0 0 0; 0 10 10 
0} 0 1 0| 0 0 0 
0} 0 0 0} oO} 10) 10 
o| 0 0 0} 0 8 8 
0}; 0 2 0} Oo 0 0 
0}; 0 4 0} 0 0 0 
0; 0 6 0} 0 0 0 
0} 0 3 0} 0 0 0 
D.| ok 1 0} 0 0 0 
0; 0 44 0} 0 0 0 
0] 0 2 0} 0 2 2 
0] 0 0 0} 0 2 2 
0; 0 1 0} 0 0 0 
1| 0 0 2) 0 0 2 
1 0 1 2) 0 2 4 
0} 0 2 0} 0 0 0 
0; 0 2| 48) 0 0| 48 
ee 0 0} 0 5 5 
0] 0 0 3] 0 0 3 
0; 0 0 3} 0 5 8 
Op) ie 0 0} 0 2 2 
Oise 0 0} 0 ll 11 
0; 0 0 0} 0 13 13 
0] 0 3 0} 0 1 1 
0 0 1} 148 148 
0 0 0 4 4 
0 0 1) 148 4| 152 
Q| 0 1 0} 0 0 0 
0 0 0 8| 0 0 8 
0 0 1 0} 0 0 0 
24 iO't* B13] ERG Ie gl aeans 
0] 0 0 lj 0 0 1 
4 0 8 4; 0 0 4 
0} 0 3 0} 0 0 0 
0] 0 6 0} 0 4 4 
0 0 1 0} 0 1 1 
0 0 0 2) 1 0 3 
0; 0 10 2) 1 5 8 
0| 0 0 0} 0 0 0 
0| 0 11} 305) 0 0} 305 
Or eROr ra 0} 0 0 0 
0| O| 22) 305) 0 0} 305 
OPO 6 8} 0 0 8 
2/ 0 0} 29) 0 0 29 
0} 0]? i/o]! to" ol earo 
21 0 1} 29] 0] Oo} 29 
2} 0 5 2} 0 0 2 
1 0 31 70| 0 0 70 
0] 0 1 0} 0 0 0 
O10 0 5} 0 9 14 
0"*0 0 20 0 2 
0 0 0 70 9 16 
0} 0} 29 21 0 0 2 
OF} 00) (010 995) 0) | ev0| ns 
O10") 201% 7) 20° ee ol meer 
O40.) % 2) a0) 20) 8 ees 
OW Ole 4 Ol 0 1 1 


1,100! 
ae nen i a Os ee eA ee 
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Tas_eE 1.—(Continued) 
pee ee Total Gas Production, Millions Cu. Ft. Number of Oil and/or Gas Wells 
se. Turia At End of 1934 
alan i e 
Per 6 
Per Maxi- Be CD ee 
Well axi- | yg ret ss 
Per Acre | Acre) Daily | To End | During | During | BUM | 4 é|2/6] » 
B | 1934 | to End | (uring | of 1934 | 1933 | 1934 aed all eo rel Slale| 8 
o En ay during oI eae 6 He 
: of taat| Ngee io | 3/2 EEE] Bl zl 2/2 
@ 2\2\e(es| 812/81 4 
2 B |e) 2 || 2/2/23) 2 
S| Oo 10 1 <4 je Ay | Ay | Ay imal 
70 400 100! 100) oy dl 10) nO) SRO!) Ol! TORI peal 
71 5,000:/ 50 | 11 29) o}| of] Of 29 of o}| 29 
72 37,000! 460 | 34 Dil (ol) Oly Se SR il Th os 
a1 *s000| 176 | <0 tol oled a ode ol kee 
75 49,765 28 62) 0] o| 3] 59] of} o| 359 
76 14,2001 121 10) y 1105]) 050 Ol mew Ol 0) mnstlen cl 
: 7% : ‘ ' 40,200! | 1,500!} 1,000) 9} 0] 0 0 Oo} o| 9} 9 
i Olle @ Oo} o| of 0 
79 0 0 0 54,4001} 1,512 1,010) y 11)/01]| "0: jeeet|| (Ol! ‘oll = 10l| = 10 
80 0 0 0 30/801 01) 32) ol 0] oO] o 
al 640} 21 | 65 Ele) Pfee Ghh COs p= at 
83 5,430 | 214 3 371 0} o| 19] 18] of o| 18 
g) sa] 1] ° yf eld ag] a 
: 0} of 19 
86 2,3251 640 425}) y Ot Oa ll ae Gk Gl a0 
87 o| 0) o} Oo} of 0} of Oo 
3 ei Slag Ss by Hp 
Gi G.) we 2 
90 3,600! | 1,000:} 1,500) = Ah sh Oe = Olson a 
91 gl 21 By Aly On OueRa i Ol NOR Ie ieee td 
92 19 4 0 2 0 0 2 o| o] of oO 
93 0 o| o] of oO 
94 425 | 100 0 3/0/10 OES Ol) PON Olle 0 
95 1,125 1251 1253 4a} o} Oo} Oo} 4) 4 
96 510 3 | 180 34231 | 19] 15! O| Of 15 
97 510 1,1251 125 125} y 381 4/ 0] 19} 15 o| 4] 19 
98 314| 31 2 3991 13} y| 9] 390] 0| 0} 390 
A 2,050 x 3 d . ‘ ; i 1 0 0 il o| o| i 
00 ollie ol ar .0 
101 2,050 x 0 0 0 0 lect kh POL Sele Wye al at 
102 0 0 0 0 2/01 20) \a2) Ol ton 0) 80 
te eee aR Peyg) gd fig 
104 . 260 x 0 
105 1,540| 44 | 12 5,600 0 0 0 17} 0| of} 2 15] of] o| 15 
107 ok tastes vi ee a a lalate ‘eset ol 6 
107 0 
108 1,066} 21 | 14 44-01 0) O| 41 0} o| 4 
109 11875| 108 | 30 65} 0} 0| 17] 481 0} o| 48 
110 10,600| 96 3.5 384, 0} 12] 06) 384) 0] 0} 384 
111 9,010 | 138 8.7 1,565} 0 | 42 1,565} 0 | 0 1,565 
112 7140 | 350 | 25 781} 01 35| o| 78] O| Oo| 78 
113 7,000| 100 | 30 45, 0| 2] O| 45] 0] O| 45 
114 100 1 0 {OL 0. eeLiextw OleOle Ol mec 
115 12,500 2,073| 0 | 91 1 2,072) 0| 0) 2,072 
116 27 4 0 o| 0] 0 0| soni) “ols 0 
117 1,000] 25 0 O| 0) |) Ov leno = 0/eonle Ol 0 
118 856 6 | 36 11,292 0 0 0 LZ 0)! VG) vende) -d|'"Goale Olt 
119 0 0 0 1) ole 0) tl" nl, 0.) a ee 0 
120 0 0 0 Als) i Gh Gt ih 
ey a to 8) a 8) 
122 130 x 1 
| amo) ut |g aT Sh Soe eet lee ag] Gal sae 
124 2 fa 10 f 0 
125 1,400 4,500 0 0 0 a : . ") ; 8 2 
126 160 3 0 
127 1,080 16 0 37) 0 0 37 0} 0 0 0 
128 0 0 0 fae de}, 0) |aeeath ee ONeRO |, “Ot RO 
129 
130 700 0 0 y 0} 0} 0 0 0} 0 0 0 
131 33,000! 450 400) SCO ONMMOl Ole0nle 3 2 3 
132 20,500! | 2,600 2,400) -y Ori et0) MeanO| WO\eDNe Ol mn 2 
1 
1,2001 0 0 y Lion OuemOl —O}OU|) 1S 4 
135 55,400! | 3,050 2,800!) -y 6-0) Oo} 0] 0] oF} 6 8 
10.5 | 356,875 | 17,004 | 16,048 y 3,986! 34 | 91 | 428] 3,440] 1] 115] 3,556 


136 L : 


| Line Number 


OOBONMOIPWNe 


Average Depth, Ft. 


Bottoms of | To Top of 
Productive | Productive 


Wells 


Zone 


Flowing | Pumping | Gas Lift 
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‘roduction Met! 
at End of 1934 
Number of Wells 


Initial 


1,300 
1,700 


1,200 
2,650 
3,900 
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Tas.e 1.—(Continued) 
roduction Meth Chi i 
aracter of Oil Approx. 
Average Depth, Ft. at End of 1934 Pressure, Lb. per Sq. In.e} - Average during 1934 
Average | Gravity A.P.I. at 
Number of Wells ME RATE 60°F. 
o 
Ey +2 
1, | Bottoms of | To Top of Thitial 5 S 
5 | Productive | Productive | Flowing | Pumping | Gas-lift 1933 | 1934 se plas 
g Wells Zone : q g z ne 
t=) 
4a Eee: ed Ses 
g : ‘3 2 & a 
= Bue eS ylite 
71 600 300 0 29 0 x z a 30 M 
72! 1,600 1,500 0 25 0 z gel i‘ 4 32 |0.2 | M 
73 1,700 1,600 0 2 3 x x eo y y 32 | y M 
74| 2,000 1,900 1 0 x x |a2{yiy {35 ly M 
75 4,000 3,900 1 56 3 x 
76 825 PE Wea 
77 2,300 2,200 1,170 y y 
78 2,700 2,600 1 0 0 y y y z x 34 | 1.3 M 
79 1 0 0 
80 1,700 1,450 0 0 0 Ey Ey « @ Ey 22 2.9 A 
S 5,250 5,200 0 1 0 % a x y y 32 1 0.3 M 
83 1,550 1,500 0 18 0 2 x x x fr 32 | 0.17 |) M 
84 3,180 3,170 0 il 0 x x x x x Oy I] Ae A 
85 0 19 0 
86 4,400 4,350 1,450 y gt 
87 2,575 2,550 825 y y 
88 3,000 2,950 1,335 y y 
o 3,400 3,350 1,485 y y 
91 2,400 2,200 400 y y 
92 3,210 3,200 0 0 0 7] £ x 2 x 23 | y A 
93 3,700 3,475 0 1 0 y z Ey ii x 16 | 3.9 A 
94 2,850 2,800 0 3 0 by x Ey z x 23 Lei A 
95 1,550 1,500 700 y uy 
96 3,900 3,500 0 15 0 or z x y y PRL GG3 A 
97 0 15 0 
98 1,525 1,500 0 390 0 x x x y y 41 0.10| P 
99 1,000 800 0 11 0 Ed “ x y y 36 0.1 M 
100 3,370 3,350 800 £ 2 
101 0 11 0 
102 1,840 1,830 700 x 2 
103 3,900 3,750 0 1 0 y x x x x 18 | 0.35) A 
104 500 250 0 0 0 x z Ey FE} fe 42 0.19 P 
105 1,425 1,400 0 15 0 525 2 x y y 22 | 2.8 A 
106 1,350 1,315 530 y y 
107 3,175 3,145 0 ul 0 y y y y 35 y M 
108 3,900 3,800 0 4 0 x x x y y 34 | 0.387] M 
109 2,800 2,600 0 48 0 z x x y 7] 35 0.26) M 
110 1,100 1,000 0 384 0 z y y y y 36 | 0.15 | M 
lil 1,575 1,500 0 1,565 0 x y y y y 36 | 0.16; M 
112 2,350 2,300 0 78 0 x y y y y 35 | 0.4 M 
113 2,875 2,750 20 25 0 Ey y y y y 35 1.3 M 
114 3,980 3,790 1 0 0 x y y z x 28 2.3 A 
115 21 2,052 0 
116 900 800 0 0 0 x 2. x x & 24 | y A 
117 675 625 0 0 0 x x x a x 21 O17 1A 
118 2,700 2,600 0 1 0 x x x y y 15 4.5 A 
119 2,514 2,475 0 it 0 y y 7] £ x 18 | y A 
120 1,125 1,100 0 3 0 y x y x fu 22 3.24) A 
121 4,250 3,900 0 il 0 y x y x x 16 | y A 
122 900 400 0 11 0 £ x x y y 38 y M 
123 2,950 2,900 0 0 0 x x Ey Ed x 35 0.15} M 
124 1,600 1,200 0 2 0 & z x y y 35 y M 
125 0 2 0 
126 600 400 0 0 0 x x x # x 46 y P 
127 800 700 0 0 0 x 1] x “ x 2 |y A 
128 3,807 3,775 0 1 0 y y fd z 28 1.8 
129 
130 2,260 2,210 850 y uw 
131| 3,550 3,500 1,800 y |y 
132 3,750 3,700 1,350 y y 
133 
134] 4,120 4,100 1,520 y y 
135 
27 3,413 3 
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TaBLe 1.—(Continued) 


st Zone Tested 
to End of 1934 


_ 
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Producing Rock 
ae 

4 , Ag A 

Name Age? é £ = ? & 

a| 2 |e] 2 

5 a az na 

Morrison Jur Ss Por 30; A 
Sendaacé Jur s Por 40) A 
Dakota CreU s Por 6) ee 
Frontier CreU s Por 40); A 
Frontier CreU s Por 16| AF 
Dakota CreU § Por 50 | AF 
Shannon CreU s Por 65) A 
Wall Creek CreU s Por 100] A 
Dakota CreU s Por 15] A 
Wall Creek CreU S | Por 150} A 
Morrison Jur i) Por 22) A 
Frontier CreU SH Por 20; A 
Embar Per L Cav 35 | A 
Tensleep Pen 8 Por 100} A 
Sundance Jur s Por 10 | Af 
bar Per L Cay 15 | Af 
Shannon CreU SH Por 70) A 
Frontier CreU s Por 30 | AF 
Sundance Jur Ss Por 10} AF 
Tensleep Pen s Por 70} AF 
Tensleep Pen s Por 50} A 
Embar-Tensleep | Per-Pen | L-S | Cay-Por | 150] A 
Shannon CreU SH Por 40; A 
Muddy CreU § Por 30} A 
Dakota CreU Ss Por 30] A 
Sundance Jur Sy} Por 110} A 
Dakota CreU 8 Por BO aA. 
Frontier CreU s Por 40 | AF 
Dakota CreU 8 Por 55 | AF 
Frontier CreU S) Por 40} A 
Mowry-Dakota | CreU s Por 25) A 
Tensleep Pen $ Por 60}; A 
Tensleep Pen 8 Por 100 | AF 
Madison Mis L Cav z| AF 
Frontier CreU iN] Por 35) AF 
Dakota CreU 8 Por 50 | AF 
Embar-Tensleep | Per-Pen | L-S | Por-Cay | 100 | AF 
Madison Mis L Cav 200?) AF 
Mesaverde CreU Sy) Por 50] A 
Frontier CreU Ss Por 200 A 
Embar-Tensleep | Per-Pen | L-S | Cav-Por | 200°] A 
Greybull CreU S Por 20 | MC 
Embar Per L Cav 50 | Af 
Tensleep Pen NS) Por 60 | Af 
Frontier CreU 8 Por 120 A 
Wasatch Eoe 8 Por 150 A 
Embar Per L Cay 30 A 
Dakota CreU 8 Por 70 A 
Sundance Jur iN} Por 15 A 
Embar Per L Cav 60 A 
Tensleep Pen s Por 125 A 
Frontier CreU 8 Por 100 A 
Frontier CreU § Por 50) A 
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TaBLEe 1.—(Continued) 
Ghareeter of 
pprox. 5 
avaaes wean Producing Rock >8 one ae 
am 
Line 3 
Num- g & ee ES 
~ 
= B.t.u. Gal. | = Bel oss 5 8 Depth 
per Gasoline Name Ages s ee ANE g Se N of 
Cu.Ft.| Per M. 8 = |Ae| 2.1285 Be Hole, 
Cu. Ft. 5 3 ee 3 ga a) Ft 
ae : 
S| me (a) ae ees 
70 y y Frontier CreU S Por 15] A Frontier 4 
71 Frontier CreU s Por 100 | Af ae 
72 Dakota-Lakota | CreU,L | S Por 80) Af 
73 Sundance Jur Ss Por 200 | Af 
74 Tensleep Pen Ss Por 65 | Af 
75 : 37 | Tensleep 4,009 
76 y y Dakota CreU $ Por 30) A 
77 y y Sundance Jur 8 Por 110}; A 
78 Tensleep Pen Ss Por 150} A 
79 6 | Tensleep 4,690 
80 Embar Per L Cav 50) A 3 | Tensleep 2,094 
= Wall Creek CreU Ss Por 30] A 4 | Chugwater 6,689 
83 Lakota CreL Ss Por 25) A 
84 Minnelusa Pen s Por 15] A 
85 11 |"Minnelusa 3,185 
86 E x Frontier CreU Ss Por 35 | AF 1 | Chugwater 6,081 
87 y y | Frontier CreU s Por 40 | AF 
88 y y | Dakota CreU Ss Por 20 | AF 
89 y y | Sundance Jur Ss Por 15 | AF 
90 5 | Sundance 3,800 
91 y y Frontier CreU s Por 30 | AF 1 | Frontier 2,800 
92 Tensleep Pen Ss Por Dall ok 2 | Tensleep 3,308 
93 Tensleep Pen s Por 60} A 1 | Tensleep 3,712 
94 Tensleep Pen § Por 40; A 4 | Tensleep 2,830 
95 y y Dakota CreU § Por 35 A 
96 Embar-Tensleep | Per-Pen | L-S | Cav-Por | 150} A 
97 7 | Madison 4,160 
98 Newcastle CreU s Por 10 | ML | 456 | Minnelusa 2,150 
99 Niobrara CreU H Fis zi OB . 
100 x 7 Muddy CreU s Por 18]; A 
101 45 | Sundance 4,630 
102 y y Tensleep Pen S Por 25) A 13 | Deadwood 3,127 
103 Tensleep Pen s Por 40 |} A- 0 | Tensleep 3,903 
104 Mowry CreU H Fis coy gi 18 | Embar 2,500 
105 Lz iz Sundance Jur s Por 35 | A 5 | Tensleep 2,645 
106 y y Frontier CreU 8 Por 35 A 10 | Chugwater 3,460 
107 Muddy CreU § Por 20; A 2 | Muddy 3,175 
108 Dakota CreU 8 Por 50; A 1 | Lakota 3,930 
109 Dakota CreU S Por 110 A 11 | Chugwater 3,390 
110 1st Wall Creek CreU 8 Por 110 | Af 
111 2nd Wall Creek | CreU Ss Por 65 | Af 
112 Lakota CreL 8 Por 20 | Af 
113 Sundance Jur S Por 70 | Af 
114 Tensleep Pen ) Por 190 | Af 
115 229 | Granite 5,400 
116 Shannon CreU 5 Por 75 | MuP 41 
117 Quealey CreU SH Por 40] A 16 | Steele 6,931 
118 Tensleep Pen s Por 150} A 5 | Tensleep 2,500 
119 Embar Per L Cav 40 A 0 | Embar 2,514 
120 Sundance Jur 8 Por 25 A 8 | Tensleep 2,705 
121 Tensleep Pen § Por 150] A 0 | Amsden 4,255 
122 spen CreU H Fis z | MC 65 | Bear River 2,065 
123 y y Wall Creek CreU s Por 40 | Af 
124 Steele CreU H Fis a} Af 
125 10 | Frontier 3,140 
126 Mowry CreU 5 Por 50; A 95 | Madison 4,165 
127 Embar Per L Cav 65 A 18 | Tensleep 1,590 
128 Embar Per L Cav 35 A 4 | Embar 3,807 
129 
130 y y Frontier CreU 8 Por 50 A 
131 y y Dakota CreU 5 Por 50 A 
132 y y Lakota CreL 8 Por 40 A 
133 
134 y y Sundance Jur § Por 20 A 4 | Sundance 4,150 
135 
136 
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Taste 2.—Summary of Drilling Operations in Wyoming 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to January 1, 1935 Completed during 1934 da 
Deng or 
Dry and/or Near-dry Tneomptete 
Dry and/or Near-dry Holes ‘oles at roe of 
County Total Depths, Ft. E Total Depths, Ft. 2 
Oo . 

eae easel 3 | B 
Soa 2es| & | $ 
/5/2/2/2/2/2(8| 242 =/8| je42| =| @ 
3/s/8|/8|$/3|8\s| 2 Bez 3|3|2 [262] 2 | 3 
=/5/5/ 9/8/85 /=)5 /S(e A") & | a 
Albany..... 1/0;0/]0/;0 0/0;0;1)/0);1 1 0 0 
Big Tors 2}010/0);0 31270 Poet 7:6 1 5 3 
Campbell 0} 0}0;0)0 01/0;0/0;0/0 0 0 0 
Carboni. ac. 6 411|]2])0]0 0.1 2 [OOO T2 2 0 Bs 
Converse............. 11/0/0/0)]0 5/1]/0|/0/0]6 0 0 2 
CrOOls:. cisions Coens 0}0;0;/0)0 2/0;}/2/0/;0)4 0 0 0 
Bramioat BeAr ya sieht aya 2;0/}0/0)0 O12 Ola | Ot 1 0 2 
Goshen. cise ccee acer alee 0; 2/0;0)0 1/70: |) 0 OOF d 0 0 0 
Hot Springs........... 210}0/0)]0 0/0] OO, 1 | 2 2 0 0 
Johnson},.;:..... seen: 1}0;0;0)0 0)}0/0;)0|0)0 0 0 0 
Laramie? esac cece en ae 0} 0;0;0); 0 0/0;0/0)]0);0 0 0 0 
anos Sie cna 1,0}0)0/0 11 1.0 LOO ti 1 1 0 
Natrona 6} 1);2};0)0 0/2);0)0; 0] 2 1 0 0 
Niobrara..... 2;}010/0)0 0/2);0/0)] 04] 2 0 0 1 
Parkes <i: 44010/0)]0 0};1/;0/)0;0)1 8 0 2 
Platts: Sesser 0}0;0/);0)0 0/0;0/0);0);0 0 0 0 
Sheridansccce.: sees 0} 0}0/0);0 0.10 | Peres) sz 0 0 0 

Sublettevs.s.cemcs se 1;/1/0/0]0 2)/0/1/0/)0)3 0 1 
Sweetwater........... 2}0)0)0)0 0/0};0/1);0/1 2 1 0 
‘Ulntas:2.)... aceeeee 2}1/0/]0) 0) 84 2/2/0/1)0]5 0 0 1 
Washakie............. 15) 11] 4 1;0/;0/0]1 0;2/0)0)0] 2 2 2 0 
Wieston fe. aitasieniele far 213}203) 57 1/0701 0 8} 1]3] 0] 0 |12 13 3 1 
otal sn. cee 883]/838}535/270| 43) 7| 4] 0} 1 4116 | 7) 4) 3 |54 34 13 17 


reserves to last many years, and until markets are expanded there is little 
need for more wells. A small new pool of gas was discovered in the Wall 
Creek sands around 1200 ft., in a fault block on the south end of the large 
Oregon Basin anticline. Only one well has been drilled, so its importance 
is unknown, but it cannot cover a large area. 

The figures for gas production for 1934 are estimates because the 
correct figures are not compiled and available at the time of writing. 
Most of the 1933 and total figures for gas production are given as esti- 
mates because the correct figures are not available to the author for 
publication, and the same is true of reservoir pressures. 

In the Rocky Mountain states there are few accurate figures on 
reservoir pressures of oil fields. In the years when these fields were 
drilled, few paid attention to surface pressure figures, no bottom-hole 
pressures were taken, and there are only rough estimates of what the 
original pressure might have been. Now, since most pressures are low, 
many operators have not considered accurate pressures necessary, but 
more determinations are being made and more data are being accumu-. 


lated. As comparisons are made and work done, pressure data should 
become available in the future. 


ai 


Petroleum Development in Arabia for the Year 1934 
By G. C. Guster* Mumper A.I.M.E. 


(New York Meeting, February, 1935) 


Wirs the exception of exploration geological work that is being 
prosecuted in various parts of the mainland of Arabia, the only new 
developments in Arabia during 1934 were on Bahrein Island, which is in 
the southwestern portion of the Persian Gulf, approximately 25 miles 
from the mainland of Arabia. Here the Standard Oil Co. of California, 
through its wholly owned subsidiary, The Bahrein Petroleum Co., 
Limited, has continued to carry on a systematic drilling campaign and 
has constructed camps, pipe line and marine loading facilities. 

During 1934 eight wells have been completed at depths ranging from 
2058 to 2253 ft. These wells have shown average initial productions 
ranging from 1500 to 5000 bbl., with one, No. 15, estimated as being 
capable of flowing as much as 11,000 bbl. per day. The oil is asphaltic 
in character and has a gravity range of from 32° to 34° A.P.I. 

The locating of all new wells has followed a plan of orderly develop- 
ment, with the ultimate object of obtaining efficiency of operation and 
maximum production. The wells are taking a penetration of 200 to 
250 ft. of the lower or so-called Main productive zone. The upper oil 
zone, which is cased off, includes 300 to 400 ft. of alternating limestones, 
clays and shales and carries a heavier oil under lower pressures. The 
Main zone is similar lithologically to the upper zone. Micro-fauna 
collected from cores have shown that the oil occurs in formations of lower 
Eocene and Cretaceous age. Development to date has not progressed 
sufficiently so that either the maximum thickness of the oil-bearing 
horizons or the limits of the field can be determined. Something over 
10,000 acres has been proven to date. 

Among other developments leading toward the marketing of oil 
from Bahrein during 1934 was the construction of a marine loading 
terminal. This included the laying of over 3 miles of 12-in. submarine 
pipe line from the small island of Sitra out into the harbor, terminating 
in 50 ft. of water; also the laying of more than 10 miles of gathering lines 
from the producing area to the terminal. Three crude oil working tanks 
with floating roofs were erected on Sitra Island, having a capacity of 
250,000bbl. A pumping plant was provided having a capacity of 5700 bbl. 
of oil per hour. This is housed in a dustproof building, as rather severe 

Manuscript received at the office of the Institute Feb. 20, 1935. 


* Standard Oil Company of California, San Francisco, Calif. 
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sand storms, locally called “shamals,” are not infrequent on Bahrein 
during certain seasons. 

The road to the terminal required the construction of a fill or trestle 
1200 ft. long and a drawbridge across the channel between the island of 
Bahrein and the island of Sitra. 

These loading facilities will make it possible to handle 10,000 bbl. of 
oil per day, and there are provisions for adding booster pumps to double 
that capacity if greater production is desired. 


Oil Production in Australia 


By W. G. WootnovcH* 
(New York Meeting, February, 1935) 
Propuction of oil in Australia is negligible at present. A very small 
quantity of crude is being recovered from lean pumpers in Victoria, and a 


little activity is evidenced in Queensland, where two new wells were 
sunk during 1934. One of these, at Warooby Creek near Roma, obtained 


a noteworthy gas flow, but no oil production has been recorded. Geo-_ 


logical investigation is going on in Western Australia, but no drilling 
activity is apparent. The “boom” in oil prospecting came to an end when 
the wave of depression swept over the country, and the investing public 
turned its attention actively towards gold. There is great activity in 
gold prospecting at present. 

I still maintain as strongly as ever that the prospects of obtaining 
flow oil in Queensland, Western Australia and Victoria are good, and that 
really scientific methods must ultimately succeed. 

Active and excellent geological work is being carried out in the 
Mandated Territory of New Guinea, and it is reported that drilling is 
likely to be undertaken next year. Matters in Papua are at a standstill. 

The question of extraction of oil from the oil shales of New South 
Wales and Tasmania is perennially active, and attempts to exploit this 
source commercially are renewed from time to time. Hydrogenation of 
coal is also receiving a good deal of attention. 


Manuscript received at the office of the Institute Jan. 29, 1935. 
* Canberra, F.C.T., Australia. 
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Oil and Gas Development in the Argentine Republic during 
1934 


By G. Hireman* 


During the year 1934 there were no new or extraordinary develop- 
ments in the proven fields. With few exceptions all companies operating 
in these fields continued intensive exploitation programs on their old 
properties in an attempt to maintain the normal production of former 
years. In one or two instances these exploitation activities have had 
such marked success that the total production for 1934 slightly sur- 
passed that of 1933. The most striking increase in production is that 
shown by the Kilometer 27 pool of the Comodoro Rivadavia field. 
However, this increase cannot be attributed to intensive drilling, since 
it is the result of a more uniform daily withdrawal distributed among 
all the productive wells. The Province of Salta also showed another 
increase, so that, judging from the statistics of the past three years and 
in view of proposed exploration projects, the future may reveal some 
interesting developments in this province. 

One of the most interesting occurrences in Salta is the discovery, 
though not yet considered commercial, made at Macueta, near the 
boundary line between the Argentine and Bolivia. This exploration well 
was drilled by the Standard Oil Co. of New Jersey and is the northern- 
most exploratory well in the republic. The oil from this well is of the 
same type and commercial value as that produced in the San Pedro 
and Lomitas fields. The producing horizon is also the same as that in 
the other Salta fields; that is, the Paleozoic Permo-Carboniferous. 


Tape 1.—Oil and Gas Production in the Argentine Republic 


Area Proved, Acres 


Age, 
= Field, A ied 
Meld, Area o En 
Namie of Oil an Total 
1934 Gas¢ 
1 Comodoro Rivadavia, Territory of Chubut......-.+.ss00eerseeee ree erccteees PH 19,768 19,768 
2 Plaza Huincul, Territory of Neuquen......-.+.+0seceeces ree eeeeesss css s sess 16 2,964 2,964 
3 Salta, Province of Salta......-+-+-++++++ Re ee” Se aor Oder 9 5,000 5,000 
4 Cacheuta, Province of Mendoza.........-++.00ss0c0r reer te reerscssss setts: 3 
5 Tupungato, Province of M Poh Ce ean Op oan Ib oO TACOS. Ue ID 1 
6 Rio Atuel , Province of Mendoza........----++s0seeesenneererenees Sei nae 9 


a Footnotes to column heads and explanation of symbols are on page 249, 


Manuscript received at the office of the Institute March 6, 1935. 
* Bureau of Mines, Buenos Aires, Argentine Republic. 
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Mention should also be made of the exploration drilling being done 
by the Astra in the southern part of the province. Numerous exploration 
permits have been solicited in this region and the next year should 
witness the initiation of additional exploration drilling. 

Practically all of the work in other parts of the republic under explora- 
tion was done by the Government entity, Yacimientos Petroliferos 
Fiscales, to which three discoveries may be credited. The economic 
importance of each is yet to be determined. 

The first positive discovery is in the Province of Mendoza, Depart- 
ment of Tupungato, south of the Cacheuta field, which was first drilled 
and exploited on a small scale a number of years ago. The Tupungato 
well has an average production of about 25 bbl. per day from a depth of 
249 m. Encouraged by this discovery, the Y.P.F. has initiated an 
active geological, geophysical and drilling campaign in this part of the 
province. The producing horizon is Tertiary. 

' The second discovery may be considered as highly important since 
it has some gas production under moderate pressure from the Cretaceous 
at 445 m. This well is in the northeastern part of the Territory of 
Santa Cruz near the town of Las Heras, the terminus of the railway from 
Puerto Deseado on the Atlantic coast. 

The region also lies about 120 km. to the southwest of the Comodoro 
Rivadavia field, which it resembles in some respects. However, it has a 
distinct advantage in that the structural conditions are indicated by 
the surface geology, thereby dispensing with geophysical work for 
locating structure. 

The third showing, or discovery, was made by Yacimientos Petrolif- 
eros Fiscales about the end of the year in the Province of Jujuy. The 
drilling of this exploration well represents a renewal of drilling operations 
abandoned in the same region approximately 10 years ago. Gas and 
oil production are reported at a depth of 1590 m. The well is approxi- 
mately 30 km. and east of Yuto, a station on the State railways, in a 
place called Saladillo de la Brea. 


TABLE 1.—(Continued) 


Total Oil Production, Bbl. Average rere Total Gas Production, M. Cu. Ft. 


Pan Por Per Well 


3 : i 

g To End of | During During : Acre tol Acre-foot| Daily To End | Duri i — 

Z, 1934 1933 1934 qd End of | to End of i of 1934 1933" rr eee 

® | 19345 | 1934 SAE 19 

2 1934 “ 

4 

1 |106,383,878 |10,307,992 |10,853,301 | 33,622 | 5,382 | 215 16 | 135 

2 10,149,201 1,482,640 1,085,740 9,833 | 3,423 54 10 to178 W948 ris ee 
207, 3% 909, 034, 6,356 | 1,241 1 ‘ y ; 

3 ness eee rebe 58 77 52 4,207| 1,747 | 2/461 7.4 

5 1,888 1,888 10 

6 183,028 | 45,770 37,096 100 
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All other exploration work cited for the previous year in the provinces 
of Mendoza, Sante Fe and Tucuman is still in progress. As this is 
written no shows have been encountered important enough to indicate 
possibilities at greater depths. , 

The wells reported drilling in the Territory of Rio Negro near Bari- 
loche during 1933 and 1934 resulted negatively and work there has ceased. 

In view of the encouragement derived from the exploration campaign 
in Salta during recent years, it may be said that the extensive though 
not intensive exploration program now in progress from the extreme 
north to the southern territories of the republic indicates the fervent 
interest of the Argentine Government in the oil industry. This is 
especially true because fuel constitutes one of the primary essentials 
for the industrial development of the country. In support of this 
statement, mention of the geological work to be initiated in the Province 
of San Juan during 1935 by the Yacimientos Petroliferos Fiscales should 
be made. 

In résumé, after making a careful review of the production statistics 
of the existing fields, the following conclusions may be drawn: 

1. The maintenance of a more or less constant production in Como- 
doro Rivadavia was due: (a) to the drilling of new wells to offset the 
natural production decline, (b) to intensive exploration and (c) to the 
notable increase in production from the field at Kilometer 27 operated 
by private capital. 

2. There was an increase in production in Salta due to the intensive 
development of the San Pedro field owned by private enterprise. 

3. A noticeable decrease in production from the Plaza Huincul field 
in Neuquen, in spite of an aggressive drilling program both in exploitation 
and exploration. All exploration wells were unsuccessful, nevertheless 
the region is still interesting and will require extensive expenditures to 
test it properly. 

TaBLE 1.—(Continued) 


a 


: Average Oil Production Methods Pressure, Lb. 
Number of Oil and/or Gas Wells Depth, Ft. ‘At End of 1934 per Sq. In.# 
i 5 Number of Wells Average 
3s | tos" eiiediot et at End of 
Zz Bottoms] To Top 
FI of of 
we |2 a E Produc- Prointe 3 Initial 
= =| wo| tive ive , 
q 3 3|% aS a2) ag Ee 2! Wells | Zone | Flow-| Pump- | Gas-| Air- | § 193311934 
z\2.|2| 3/8 ‘SESE lS awe ing | ing | lift | lift 3 
g|#8| 8 | s|8alSslee (Ba) Se : 
Slo7| 0 | Sle"ia-ia— ja |e a ‘= 
211 | 56 | 537 1,887 | 47 |1,934} 1,850 1,810 10 1,729 | 110 | 3 {35} 1,102 | 40 | 40 
; . 31 41 280) 14 | 294) 2,501 2,411 10 260 6 2} 910 | 25 | 25 
EB 205| 41 | 16 48 120 120) 1,850y | 1,840y 5 115 y | 30 | 25 
4 8 5 6 6| 1,810 1,806 6 
5 3 3 3 3 960 955 3 
6 7 2 7 7 650 643 q 
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4. The increase of production in the Province of Mendoza was 

due to the exploitation of the Cacheuta wells and the three new producers 

ungato and El Sosneado. 

. aes the 1934 sessions of the Federal Congress, ines new oil law 
was fully considered and discussed. After approval by the Senate in 
September, 1932, it passed to the Chamber of Deputies, where it was 
approved in a modified form in September, 1934. The modified bill 
then passed to the Senate for reconsideration, where all House modifica- 
tions except two were accepted and approved. The consideration of 
these two articles is pending business for the next — of the Chamber 
of Deputies. 

This means that 34 of the 36 articles contained in the bill, and incor- 
porated as a part of the Mining Code, have been ditty approved 
and the final sanction of the bill seems almost an accomplished fact. 
In spite of the fact that the law may be considered as basically national- 
istic, the provisions for exploration concessions and the periods established 
for the exploration work are liberal. 

Out of each exploration permit of 2000 hectares, which may remain 
in exploration for more than 319 years, the state will grant mining 
rights or titles to 1000 hectares if a discovery is made within the period 
prescribed by law. The remainder reverts to the Government as an 
automatic reserve which may be exploited by the Government entity 
or by mixed companies composed of Government and private capital. 

The concessionaire must pay the Government an annual rental of 
one paper peso per hectare on exploration acreage, and 10 paper pesos 
per hectare for mining titles or pertenencia obtained after discovery is 
made. The royalty to be paid to the province or Federal Government 


TABLE 1.—(Continued) 


Character of Oil, : Deepest Zone Tested 
Approx. Average | Charac- Producing Rock ea End * i934 
during 1934 ter of 
Gas 
Appeor 
: verage 
PL or 
60° F. shee x 
= 
mt 
& Name Agea Fy ris Name s 
ry © os 3 | S 
3 a ae ie Be] leo eI 
B/e/siga) 8) 8.3/8 §|5/28) 8 ley? ‘S 
Z |. Selyo]s nace 8 g Bg 2 BLB a 
g sess) g\Sslas S| 8/82] 2 |SES Bs 
5 Ala le|a%| & iOS ola |2"| & las a 
1 |82)17) 21 |0.18! P | 849/0.10] Chubutiano and Lower Chubutiano 
A 0.52] Clauconitico | Cre Ss} Por} 25y iF 233 | Possibly Lower Cre |6,617 
2 {40/80} 34 |0.30) M | 877|1.50] Dogger Jur M S | Por} 63y | Af 37 | Liassic 4,826 
3 |50/44) 47 |0.10) P 1.50) Clay-grit series | Per-Car | Ss} Por A 15 | Devonian 4,300 
4 18 |0.18) P ed Beds CreU &s, Por} 4y] Af 2)TiU 3,048 
5 20 }0.11) P Calchaquefio Ter Ss| Por} 5y | AF 0 
6 12 |1.00) A Ranchhouse 
Conglomerate | Ter Ss| Por} 4y | MIF 4 
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varies from 8 to 12 per cent, with the Federal Government exercising 
the control, thereby permitting an adjustment to varying conditions. 
Under this law, with careful regulation, in the near future, the country 
should increase exploration and exploitation activities. Also, con- 
sidering the results already obtained in widely separated parts of the 
country, the Argentine may be able to produce enough crude to supply 
its consumption. 

In conclusion, it should be noted that the accompanying statistics 
are not differentiated for individual pools but cover the total production 
of a territory or province except in the case of Mendoza. However, it is 
hoped that next year, owing to a revised plan for assembling data, using 
the various pools as units, it will be possible to submit a report conform- 
ing more closely to the standards desired for this publication. 

Attention is ca}led to the fact that in the 1933 report [Trans. A.I.M.E. 
(1934) 107, 355] an error crept into the figures given for proven 
acreage in Chubut and Neuquen. However, the per acre recovery was 
calculated on the true proven acreage figures. 

Further, in Table 1, in the column headed “Completed to End 1933,” 
the number of wells given in the 1933 report included all wells irrespective 
of their results. This year dry holes have been deducted, so that the 
cipher represents the total number of productive wells only. 

Certain new information with regard to dry holes and other features 
has necessitated adjustments in the tables, which introduce discrepancies 
with 1933 figures. The accompanying tabulation can be considered as 
representing the most authoritative information to date. 


TaBLE 2.—Summary of Drilling Operations in the Argentine Republic 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1935 Completed during 1934 
Drilling or 
Dry and/or Near- Dry and/or Near- Incomplete 
dry Holes dry Holes at End of 
1934 
Bake, Saat. Far ee bee broducs 
tive tive 
Area Total Depths, Ft. Walls Total, Depths, Ft. Walls 
(For |——————__- (For 
| Details, Details, | o 
See 7 ca g Fa) 
i=} S 1 ic} 
silgigisielg|_[™"| 8/812 | |_[™™"| © | 
oD aq | |r} ee 
zi8\ g|g\gigia| 2 a ae: al 
8! s\slsisis| 8 S/S )-8 Se le E a 
Bm _& \so |S ta S| S13 kiss she |S 
Hopp at Chaba fs 6hSe RO g|280|12| 1] 1) 1|303] 2,885 3|18| 2|23} 211 | 30 6 
ee of aren as Roe 6] 25/41] 5 77 372 15 Ole ok Hi 5 
Territory of Rio Negro.......---+-- 3] 1 1 5 0 1 1 by 0 0 0 
Territory of Santa Cruz ee 1} 4} 2) 2) 1 10 0 A 
Province of Jujuy....-.---+++- a 5] 2] 1 8 0 ies beg 
Province of Salta........----- Sic 2] 16/13) 2 33) 205 13 uf 
Province of Santa Fe..........----- 
Procite Of Mend0saiccn. ccs0 0 lea Biot a 7 18 2 2 8 2 5 
Province of Tucum4n........---+-- , : 
Province of Santiago del Estero...... 


; a 
1 Total number of dry and/or near-dry holes within or without fields, 


Petroleum in Austria, Hungary and Czechoslovakia in 1934 


By Waurer M. Smaui,* Mensur A.I.M.E. 


(New York Meeting, February, 1935) 


Austria.—Austria produced some 430 cisterns of 10,000 kg. each of 
crude oil of a 0.9428 sp. gr. during 1934. Gdosting II well near Zis- 
tersdorf was placed on the pump in August and at the end of the year was 
still producing about three cisterns daily. This well is owned by the 
Erd6l-Produktionsgesellschaft while Gésting I is owned by Raky-Danubia. 
Only five wells were completed in the republic during the year. These 
accounted for 1783.5 meters of the 2225, meters drilled. The only pro- 
ducer completed was Gésting II. At the close of the year, four rigs were 
in operation and one rigging up. At least 8 or 10 new wells are planned 
in Lower Austria for 1935. The European Gas & Electric Co. put its 
6-km. gas line into operation in May and has sold 12,301,550 cu. m. of 
gas to the Vienna City Electric Works. A 2-km. pipe line was built from 
Gosting II to the railway loading rack near Zistersdorf. 

Hungary.—No oil or gas was produced except a small amount of gas 
trapped from flowing artesian wells. The Government completed and 
abandoned a 1500-m. hole at_Tisztaberek in northeastern Hungary and 
is drilling at 967 m. near Bogdcs, 120 km. northeast of Budapest. It is 
unofficially reported it plans to drill two new wells in 1935. The 
European Gas & Electric Co. has a rig up for a test at Mihalyi in 
Transdanubia. 

Czechoslovakia.—In Gbely (Egbell) there were produced 1283 cisterns 
of 10,000 kg. of 0.935 sp. gr. oil and a small amount of gas used for fuel. ° 
This field is operated by the Government; 17 shallow producing wells and 
three dry holes were drilled, with a total of 3351 m. of hole completed. 

In Hodonin (Géding) there were produced approximately 1300 cisterns 
of 10,000 kg. each of 0.91 sp. gr. oil and a small amount of gas used for 
fuel. The field is operated by the Apollo, which drilled four producing 
wells averaging 460 m. in depth, one small gas well of 550 m., one small 
gas well 260, and one dry hole 230 m. Two wells were deepened a total of 
80 meters. 

The Government is drilling below 800 m. in a wildcat test in eastern 
Czechoslovakia near the Rumanian frontier. 


Manuscript received at the office of the Institute Feb. 20, 1935. 
* European Gas & Electric Co., Vienna, Austria. 
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Petroleum Development and Production in Bolivia 


By Jorez Muftoz Rryes* 
(New York Meeting, February, 1935) 


TuERE are three main oil areas in Bolivia (Fig. 1) although so far only 
one has yielded petroleum in commercial quantities. The Sub-Andean 
zone is along the easternmost ranges of the Andes, bordering the large 
eastern and northeastern lowlands. It extends from the Peruvian 
frontier, north of Lake Titicaca in a southeasterly direction towards 
the city of Santa Cruz and from there southward to the Argentine border. 
This zone forms a belt about 1200 km. long by 100 km. wide, and 
comprises a series of parallel, very rugged, low ranges. Oil has been 
known and utilized by the natives in these regions since colonial times, 
from the large number of seepages, which in modern times have led to the 
discovery of many fields. 

The second oil zone of Bolivia lies along the eastern and southern 
borders of Lake Titicaca, on the Andean high plateau, at an average 
altitude of 13,000 ft. above sea level. It comprises an area of approxi- 
mately one million hectares (2,470,000 acres). Several seepages are 
known here, but little development has taken place, because of the 
difficulties encountered, as the greater part of the territory is covered 
by volcanic tuffs and ashes, which conceal the structure underneath. 

The third area is called the “Central zone,” and is in the heart of 
the country, in the Department of Cochabamba, covering approximately 
five million hectares (12,350,000 acres). This area consists mainly of 
broad valleys flanked by low rolling ranges. Natural seepages are 
not known to exist, but there are secondary evidences of the presence of 
oil. The outcropping rocks are mainly Paleozoic (Silurian and Devonian 
sandstones and shales). Albertite and other forms of polymerized 
petroleum have been found in this region. 

Of these three main oil areas, only the first one is at present produc- 
tive on a small commercial scale. This zone, developed almost exclu- 
sively by the Standard Oil Co. of Bolivia, a subsidiary of the Standard 
Oil Co. of New Jersey, is divided from south to north into the following 


local fields: 


1. Bermejo (On the Argentine border) 3. Sanandita 5. Camatindi 
2. San Telmo 4. Caigua 6. Machareti 


Manuscript received at the office of the Institute Feb. 1, 1935. 
* Direccion General de Minas y Petroleo, La Paz, Bolivia. 
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7. Buena Vista 10. Guariri 13. Isiboro 
8. Camiri 11. Tatarenda 14. Chapare 
9. Saipurt 12. Espejos 15. Caupolicén 


The first 11 fields are controlled almost entirely by the company 
mentioned. LEspejos field is controlled by a Bolivian firm called Com- 
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Fig. 1.—PRINCIPAL OIL AREAS IN BoLrvia. 


pafifa Petrolifera Velasco, while the other three fields are in the stage of 
early development and are not yet productive. 


PRODUCTION 


Commercial production has been restricted enormously by the lack 
of good roads and of proper means of transportation. 
On account of the state of war in which Bolivia has been involved 
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‘since June, 1932, and owing to the invasion of Paraguay on Bolivian 
territory, the solution of the problem of transportation and export of 
petroleum and its products has been greatly retarded. At present, 
only two fields are in production to supply local consumption; namely, 


TaBie 1.—Chart of Drilling Operations by the Standard Oil Company 


of Bolivia 
f Productive 
Elevation Horizons 
Sas No. of Lot or Above Depth, Initial Production 
District Well Concession |Sea Level,| Meters in 24 Hr., Bbl. 
Meters 
Oil Gas 
if 572.0 560.8 Abandoned 2 1 
| 432.0 635.5 1,200 12 4 
3 538.0 213.4 Abandoned 3 0 
4 538.0 454.0 Abandoned 
Bermejo......... 5 Lot No. 1 585.0 | 1,096.4 471 18 12 
6 431.3 1,076.55 224 13 8 
7 566.8 1,120.14 190 16 11 
8 
9 532.2 371.2 
San Telmo......... 1 Lot No.1 - 495.0 673.0 Abandoned 4 4 
1 990.0 615.0 450-500 11 9 
2 988.0 602.9 530 8 4 
Sanandita........ 3 Lot No. 7 900.4 734.3 55 11 6 
4 964.4 1,338.1 Abandoned 11 4 
5 S 932.0 795.5 Abandoned 1 1 
OeIgUa oes as 1 Lot No. 8 1,114.3 | 1,433.8 Abandoned 11 9 
1 Bonaparte | 1,442.0 1,252.7 148 9 10 
Camatindio.. &. .- 2 Bonaparte | 1,348.1 1,464.6 113 5 6 
3 Pioneer 1,540.9 714.7 120 4 3 
Fs 1 Ayacucho 632.0 L207 Abandoned 5 6 
piacharetiosy 22. { 2 Ayacucho 817.5 | 1,253.3 Abandoned 10 7 
Buena Vista....... 1 Ayacucho 805.0 964.7 250-500 13 5 
Gambeiti........-- 1 Lagunillas | 1,036.9 804.7 Abandoned dry 
1 Lagunillas 1,040.6 1,005.8 370 4 5 
Shi 2" Lagunillas | 1,044.2 451.1 Abandoned 
Crear use ny 3 Lagunillas | 1,048.0 | 943.0 370 2 
4 Lagunillas 743.7 473.7 | 5 million cu. ft. of gas 
’ 1 Parapeti 930.0 | 682.7 60-70 3 3 
i Sk a { 2 Parapeti 934.0 632.5 Abandoned 3 
Giarirts x). tenets i Tacurt 175.9 612.4 Abandoned 2 3 
Tatarenda........-- 1 Tacurt 860.0 981.5 Abandoned 
| temporarily 
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the Sanandita and Camiri. In each of these fields there is a small 
distilling plant or refinery. These two topping plants were not built 
with the intention of rendering a commercial production but merely to 
provide the Standard Oil Co., which was developing and wildcatting the 
territory, with cheap fuel for its motorized vehicles and other needs 
on their properties. Later on, in 1931, that company started to sell the 
surplus production in the small towns of the vicinity. Finally, the 
country having become involved in the war being waged near that oil 
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territory, the refineries were asked to increase production to meet the 
demand for petroleum products by the Bolivian Government and now 
for the first time are producing on a commercial scale, to supply part of 
the needs of the Bolivian National Army defending that region. 

As explained before, the Standard Oil Co., which developed the 
southern portion of the Sub-Andean oil zone, has not yet tried to work 
this territory in a commercial or industrial sense but merely to explore 
the area in order to determine its possibilities. 


TaBLE 2.—Analysis of Three Samples of Bolivian Oul 


“Sanandita Camatindi Bermejo 
No. 3 No. 1 No. 2 
Gravity: deg. Bé. at 70° F..... eee: 27 ae 30.6 44.2 25.6 
Dege Be. at) O0r retain p taete ee iat 29.6 43.2 24.6 
Viscosity: kinematic at 100° F............. 0.127 0.044 
yat 130° Pega: 0.094 0.030 
ato 2 Re ee eee 0.046 0.024 
Engleriat 50°/Co, fesse ao te ea oer 84 sec. 83 sec. 75 sec. 
at-100° Ce rake oe 63 sec. 
Calorific value, B.t.u. per lb.............. 18,865 18,600 
Sulfur; percent); Gages... 2 wee eee 1.47 0.18 
Flash point (Cent.) at 70° F.............. 30°C. Less than 
10° C. 
BttOO2 Eisai aceenes 67° C 
Distillation (Cent.) Over point............ 60 50 57 
Endpoints. sc. see seer 277 300 188 
Per cent distillation... . 31 64 67 
’ Color (all with greenish fluorescence).......| Reddish Dark Dark greenish 
brown amber brown 


This tends to explain why the company, in several instances, after 
having proved areas as productive has temporarily abandoned them to 
test other fields after drilling a few wells. This policy has resulted in 
the slight and sporadic development of several fields disseminated in a 
very large area and similarly has delayed the creation of a real com- 
mercial production in one or two long proven fields. A chart of the 
company’s drilling operations is given in Table 1. It is probable that 
in the near future this company and others will start large-scale produc- 
tion rather than continue wildcatting, since the area, as a whole, has 
been already proved to be productive. 

Almost all of the oil found in Bolivia is of paraffin or mixed base. 
Analyses of three samples of oil are shown in Table 2. 
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Oil and Gas Developments in Burma, 1934 


By L. Dupuey Stamp* 
(New York Meeting, February, 1935) 


In my last report on Petroleum in Burma and India}, details were 
given of production and development up to 1932. It was pointed out 
that the only statements available for Burma were those published 
officially by the Government of India in the Annual Review of the 
Mineral Production of India (Records of the Geological Survey of 
India), which are issued about 10 or 11 months after the close of the 
year. Operations in Burma are almost entirely in the hands of three 
companies—the Burmah Oil Co., the British Burmah Petroleum Co. 
(with its subsidiary, the Rangoon Oil Co.) and the Indo-Burma Petroleum 
Co.—and these companies preserve a policy of secrecy, so that details 
are not available of new wells, depth, wells abandoned, or of other 
figures, except in so far as the Government considers it advisable to 
publish the information in its possession. 


GENERAL DEVELOPMENTS IN 1933-1934 


As predicted in 1933, there have been no spectacular developments 
and no new fields have been discovered. Nor are there any new indica- 
tions of a likelihood of fresh discoveries. The policy of extremely careful 
exploitation has been continued and intensified; production is being 
maintained at an almost steady level and can be so maintained for many 
years to come—indeed, it is the policy of the leading company to permit 
refinery and local market requirements to dictate the production required. 
Contrary to experience in practically every other part of the world, India 
has shown a slightly decreased demand for petroleum products—espe- 
cially kerosene, but also for gasoline. The increased use of electricity 
would explain the lower demand for kerosene, but the falling off in the 
demand for gasoline can only be attributed, according to the Chairman 
of the Burmah Oil Co., to the depression and to the incidence of heavy 
taxation. 

In India (including Burma) as a whole, production was 305,018,751 
Imperial gallons in 1931 (8,714,822 U. S. barrels) ; 308,606,031 Imp. gal. 
in 1932; 306,009,022 in 1933 and is estimated at 308,000,000 in 1934. 


Manuscript received at the office of the Institute Feb. 1, 1935. 
* University of London, London, England. 
1 Trans. A.I.M.E. (1933) 103, 404. 
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Of these totals Burma contributed 243,914,568 Imp. gal. in 1931, 247,570,- 
295 in 1932, 249,000,899 in 1933, and an estimated total of 250,000,000 
in 1934. , 

The main recent advances in Burma have been in connection with 
the utilization of gas to increase production. The fundamental principle 
is to make adjustments at each well to secure a maximum oil recovery 
with a minimum gas production. Wells with high gas-oil ratios are 


TaBLE 1.—Oil in Burma during 1934 
(Barrels of 42 Gallons) 


Total Oil Production 


ea Number 
Age, Proved, of Wells, 
Field ed Acres 1934 Jan- 
1934 | mated | 7°1933 ” | Average | 1992 | 1933 | Esti, | oad 
Tndaws..ite. sur 17 160 850,000 53,400 115,448 87,222 80,000 45 
Yenangyat...:. 42¢ b 6,430,000 56,200 95,876 120,713 110,000 180 
any wa...--..- 11 500 2,378,500 563,200 550,200 600,000 40° 
Singulieega5-b « 33 2,700 61,606,675] 2,670,800) 2,541,200] 2,360,375) 2,238,600 448 
Yenangyaung... 474 900 | 103,096,700} 4,357,600) 3,634,050} 3,876,740) 3,900,000) 3,017 
Minbu......... 25 5 2,493,450 140,550 110,020 106,236 100,000 351 
Padaukbin and 
Yenanma.... 13 40 349,000 13,266 12,416 11,000 
Akyab and Ky- 
aukypu...... 6 28,900 550 378 410 400 
Totals. .<... 177,232,148] 8,349,750) 7,073,438 ph 7,140,000 


« Drilled wells. m 

+ Production is from small scattered areas in a petroliferous tract. 

¢ Estimated. 
shut in; surplus gas produced at other wells is used either for repres- 
suring or is returned to dry gas sands for storage. Animportant develop- 
ment has been the recovery of gasoline from gas—the production from 
this source now exceeds 8,000,000 gal. annually. Oil-field practice 
throughout Burma is strictly controlled by the Government, through the 
office of the Warden of the oil field. In the “reserved” area (the area 
of competitive drilling) in the Yenangyaung field the operation of the 
vacuum system is permitted. In 1933, the vacuum allowed was increased 
to 71% in: of mercury and later to 10 in., while a further increase came 
into operation in 1934. 

Statistics on production of oil in Burma are given in Table 1. 


Oru FIeLps 


Indaw.—This small field showed a considerable drop in production 
in 1933, but economy in operation was effected by introducing the 
automatic gas-lift system, now extended to nearly all the wells. The 
drop in production is largely due to restriction. 
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Yenangyat.—There are no new developments in this small old field. 

Lanywa.—This remarkable field, operated by the Indo-Burma 
Petroleum Co., Ltd., is situated on a sand bank of the Irrawaddy River, 
formerly covered during the high water season. The sand bank was 
enclosed by a retaining wall built in 1925-1929 and continued progress 
has been made in filling the area behind the wall so as to make the land 
permanently above high water level. In 1933 the production of 1932 
was maintained and the wall was extended to enclose a further productive 
area on which drilling took place in 1934. Back-pressures are maintained 
on nearly all wells. All wells are pumped by electricity and there is an 
efficient plant for the recovery of gasoline from gas. 

Singu.—The northern part of this field is operated by the Burmah 
Oil Co., and lies on the Irrawaddy opposite the Lanywa field. It is 
certain that there is something like 400 acres of extremely rich oil land 
connecting the two fields under the river. The schemes for tunneling 
under the river and erecting derricks in the tunnels have been abandoned 
and the Burmah Oil Co. now has in hand the construction of an embank- 
ment and the dredging of a deep channel so as to confine the river within 
narrow limits. The dredge was purchased in 1934. The production 
from the Singu field is varied from year to year to supplement as required 
the supplies from Yenangyaung, the whole being pumped 300 miles to the 
refineries near Rangoon. At the southern end of the field is the tract 
worked by the British Burmah Petroleum Co. The deepest well in 
Burma (over 6000 ft.) is in this area; it yielded inconclusive results 
but another test is to be.made. At the beginning of 1934 there were 
448 producing wells on the whole field, but it is indicative of the policy 
followed in Burma that a number of wells have been drilled to within a 
few feet of productive sands and can be deepened literally at a moment’s 
notice. Similarly, the wells with high gas-oil ratios are shut in, and 
among the experiments in progress are various ones in repressuring by 
gas drive and air drive, while continuous gas-lift is used on some wells. 

Yenangyaung.—The Yenangyaung field continues to be one of the 
most wonderful fields in the world, despite the fact that it has been 
worked for over 100 years and intensively by modern competitive 
methods for the last 30. The production for the year 1933 showed a 
7 per cent increase over 1932 and a slight increase is anticipated in the 
scheme for 1934. At the beginning of 1934 there were 3017 producing 
wells, including 180 Burmese hand-dug wells. The realization of the 
importance of a slight asymmetry had led to new drilling and production 
on the eastern flank, and the known limits of the field have been extended. 
In the “reserves,” which are worked competitively, the vacuum system, 
controlled by the Government Warden, is used; also repressuring. In 
the leased blocks successful gas drives are used, dry holes being used for 
the input of gas. The value of the strikes far in the south of the field 


=e 


is as yet uncertain, and the es struck in 1932 may only be a small 
local accumulation. 

While cable-tool drilling is still widely employed in Burma, including 
the Yenangyaung field, during 1933 and 1934 competitive drilling of 
deep tests by rotary methods was undertaken, especially in the ‘‘reserves”’ 
at Yenangyaung. Pressure equipments have been used and great 
attention paid to the character of mud fluid available in connection with 
the problem of cementing deep wells under high pressures. It seems 
certain from the experiments that a high-pressure water sand cannot be 
‘“‘mudded off’’ by nonchemical methods. 

Minbu.—There is no new activity to record, the 351 wells in operation 
in January, 1934, giving an average production of less than one barrel 
a day each. 

Outfields—The small outfields- show a decreasing production. The 
depression resulted in little activity in exploration. Despite numerous 
previous failures to locate new fields south of the main producing tract, 
the Burmah Oil Co. continued with a new deep test at Monatkon. 
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Oil and Gas Developments in Canada during 1934* 


By G. S. Humet 


(New York Meeting, February, 1935) 


Tue production of petroleum in Canada is relatively small in pro-_ 
portion to the amount of oil consumed. Production figures are given 
in Tables 1 and 2, which show that the production in Alberta for 1934 
was more than for the whole of Canada in 1933. The production of 
natural gas for Canada is shown in Table 3. 


TasBLE 1.—Production of Petroleum in Canada 
Barrels of 42 U.S. Gallons 
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1934 1933 1932 
(Mlsertomp. ereta ee Seteelo ethene 1,265,940 995,832 906,751 
(OIMRAEON ota cys eee ebe an OO ame 141,326 136,058 130,348 
New Brunswick..........-+..+.--- 11,545 8,835 6,408 
Northwest Territories............ 4,438 4,608 910 
EE Gtallee cepeeetctt. Meh. nebae|s neni 1,423,811 1,148,916 1,044,412 


TaBLE 2.—Production of Petroleum in the Province of Alberta 
Barrels of 42 U.S. Gallons 


eee 


1934 1933 1932 
Turner Valley: naphtha............ 1,210,766 963,082 868.812 
Turner Valley: light crude......... 21,896 : : 
Red Coulee: light crude..—........ 20,989 31,057 33,256 
Wainwright: heavy crude.......... 11,779 5,276 4,683 
Skiff: heavy crude..........--+-.. 510 
TM EE ee we Tore oc 1,265,940 999,415 906,751 


In Turner Valley, the largest producing gas and oil field in Alberta, 
seven naphtha wells from the Paleozoic limestone and one crude oil well 
from Lower Cretaceous strata were completed during the year. Six- 


* Published by permission of the Director, Bureau of Economic Geology, Depart- 
ment of Mines, Canada. Manuscript received at the office of the Institute Feb. 11, 
1935. 

+ Bureau of Economic Geology, Department of Mines, Ottawa, Ont. 
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TaBLE 3.—Production of Natural Gas in Canada 
Thousand Cubic Feet 


1934 ‘ 1933 1932 
Saskatchewan... .. PUAtAE Bib bede so 13,781 
Albertacane: ater: Rae tees 14,404,281 14,923,597 15,370,968 
Manitoba Sac sence bs oe aie ere 600 600 600 
Ontario... ees see eee 6,810,957 7,163,895 7,386,154 
News Brunswick, neces a te eee 607,438 618,033 662,452 
Total: A ben teen ees 21,837,057 22,706,125 23,420,174 


teen new wells were started, most of which were in the southend. Eleven 
wells were abandoned, of which one was the famous Royalite No. 4 well 
that discovered the naphtha production in the Paleozoic limestone in 
the autumn of 1924. According to Calder (Department of Lands and 
Mines, Alberta), ‘‘from the commencement of production at Royalite 
No. 4 to the end of December, 1933, the total quantity of naphtha recov- 
ered in the Turner Valley area amounted to 6,453,088 bbl., of which 
approximately one-fifth came from Royalite No. 4 alone.’”’ With the 
decrease in pressure, which in one thickly drilled part of the field has 
dropped below 500 lb., the Smith separators used to extract the naphtha 
from the gas are not nearly so efficient as at higher pressures. In 1933 
the Royalite company built an absorption plant capable of handling 
100,000 M. cu. ft. of gas per day and another plant of similar kind has 
been constructed in 1934 in the southern part of the field by the Gas 
and Oil Products, Ltd. The recovery of naphtha has been considerably 
increased by these absorption plants. 

Outside of Turner Valley, within the foothills, no new developments 
of any significance have occurred during the year. Several wells are in 
various stages of drilling but progress has been slow and no new com- 
pletions have been made. 

On the plains the most significant event during the year was a show 
of oil with a considerable volume of gas encountered in the Ranchmen’s 
well, 20 miles east of Turner Valley in the Alberta syncline. This well 
commenced drilling in Tertiary nonmarine beds and is believed to have 
almost reached the top of the Lower Cretaceous at slightly more than 
6200 ft. depth where the show of oil occurred. It is probable that a 
further depth of more than 1000 ft. will be required to put the well in 
the Paleozoic limestone. The oil obtained in this well has a gravity of 
48° A.P.I. This show of oil has led to a considerable search for anti- 
clinal structures in the area east of the foothills on the west flank of 
the Alberta syncline and it appears probable some drilling may result. 
The area is largely covered by drift except along the major drainage 
courses, and structures will have to be outlined by geophysical methods. 


G. S. HUME 499 


The year 1934 has witnessed the completion of the first commercial 
gas well to be drilled in Saskatchewan. The well is near the town of 
Lloydminster on the Alberta-Saskatchewan boundary and 20 miles 
south of the North Saskatchewan River. At 1974 ft. this well gave a 
flow of 16,750 M. cu. ft. per day with a closed pressure of 565 lb. The 
producing horizon is in Lower Cretaceous beds. The extent of the 
producing area has not yet been determined, as the area is largely covered 
by drift. The structure may be the northward extension of the Rib- 
stone field discovered by the Geological Survey of Canada a few years 
ago. The Ribstone field yielded some oil but the amount was too small 
to justify extensive development and the field was abandoned. 

In Ontario the search for new supplies of natural gas has continued 
with considerable success in the southwestern Peninsula bounded by 
lakes Huron, Erie and Ontario. The Dover field has been extended by 
new wells yielding as much as 4500 M. cu. ft. a day. This field is prob- 
ably due to a fracture zone in the Trenton limestone and production is 
obtained at a depth of 2900 to 3200 ft. 

In Raleigh township, Kent County, new drilling has extended the 
DeClute field, where production is obtained in the Silurian at a depth of 
about 1600 ft. Drilling has been successful also in the Eden field south 
of Tillsonburg in Bayham township, Elgin County and in Middleton 
township, Norfolk County. 


a 
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Petroleum Development in Colombia during 1934 


By O. C. Wueever,* Member A.I.M.E. 
(New York Meeting, February, 1935) 


THERE was an increased amount of activity in the oil business 
in Colombia during 1934 over that of the past several years in point of 
production, development and exploration. The Tropical Oil Co. con- 
tinued to be the only company operating on what may be called a com- 
mercial basis, although the Gulf, through its subsidiary, the Colombian 
Petroleum Co., was actively engaged in exploratory and developmental 
work on its Bares property in eastern Colombia. The Socony Vacuum 
interests acquired an option from Sr. Luciano Restrepo on a concession in 
Las Monas-Sogamoso River area and carried out geological investigations 
on these lands during the year. 


COLOMBIAN PETROLEUM COMPANY 


The activities of the Gulf in exploration and development in Colombia 
during 1934 were confined to the Barco concession. The following 
information is furnished through the kindness of Mr. E. 8. Bleecker, Chief 
Geologist of the South America Gulf Company. 

Two strings of tools were kept in operation throughout the year on 
the Petrolea (Tarra) structure. Three wells were completed, including 
one deep test, all of which were producers from one or more of the three 
zones which have been defined in the Lower Cretaceous lime- 
stone formation. 

On the Rio de Oro structure, some 45 miles northwest of Petrolea, 
a complete camp has been established on the Catatumbo River, about 


TasLeE 1.—Oil and Gas Production in Colombia 


Area Proved, 


Line Age, Y Acres 
Num- Field, Department to End of 


Manuscript received at the office of the Institute Feb. 20, 1935. 
* Geologist, International Petroleum Co. Ltd., Toronto, Ont. 
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30 km. above the mouth of Rio de Oro, and from this point a road is 
being constructed to a drilling location approximately 6.5 km. distant. 
This road is nearing completion and drilling probably will begin on the 
structure within the next month or two. 

In its operations on the Barco property, the Gulf is seriously handi- 
capped by difficulties of transportation and of operation in a country 
covered with jungles. Materials are brought in by way of Venezuela by 
means of river boats and barges on the Catatumbo River, which is 
navigable only about two months out of the year, during the period of 
maximum rainfall. 


TROPICAL O1L CoMPANY 


Operations on the Tropical’s De Mares Concession were of a routine 
nature and were confined to the two producing fields at Infantas and La 
Cira. The total production for the year amounted to 17,340,724 bbl., 
of which 552,029 bbl. was petroleum condensate extracted from processed 
gas. There were 30 wells completed, with an average initial production 
of 665 bbl. from 28 that were tested. No dry holes were drilled. Five 
strings of tools were in operation at the end of the year. 


STATISTICS 


Statistics on drilling operations and oil and gas production in Colombia 
are restricted in Tables 1 and 2 to areas being developed during 1934, 
with the exception of Las Monas area, which is included to show certain 
data obtairied from Mr. E. S. Bleecker that were not available in previous 
years. For details on similar operations in previous years in other parts 
of Colombia, the reader is referred to the report in TRANSACTIONS, 
volume 107. 


TaBLe 1.—(Continued) 


; | Gas Production, 
Total Oil Produetion, Bbl. Average Oil Production, Bbl. eth neat: 


Line Daily Per Per Well | To Maximum 
= - A Per A ‘ A Dur- * 

NUP | To Bnd | Duine | During | Aven |iindor/Asetvot) uly | ad | Dane | ing | aly 

nag Nov., 1934| 1934” | 1934 [Nov., 1934 | 1934 1934) “1934 


84 x 9,166 y 


R 


1 92,952,184) 7,217,655 | 9,025,665 | 26,544 17,538 y 5 
2 56,517,700) 5,939,986 | 8,315,059 | 27,911 12,025 y 190 £ 6,356 y x 
3 £ 0 0 0 x z z. 
5 y y y y x x y 


> Footnotes to column headings and explanation of symbols are on page 249. 
1 Bstimated or approximate. 
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Tasie 1.—(Continued) 
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Tas LE 1.—(Continued) 


: Oil Production pone 
Number of Oil and/or Gas Wells i te Mothiods at End of |r, per Sq. In.¢ 
f Average 
At End of 1934 ear Pine pt 
3] 28 | 8 lee lot 2: 
g| Ba BS. |'ES| we Ales es = 8 
5) 34 So | BA|-2e| S]g8.la3 eles 
2| ao | af |25/26|3|sssiese| 2) S| 38] 3 dy 
s| BE | 88 | g2/Ba|Selsestces| &| | 3 8813/8) s 
ps oF (Shi Be poe Be faa) eis eB] & oO 1S wal) al 
10800 | 2.200 39 
1| 451 2 i : mine Um 
2| 243 28 } 2a \ 400 } 400) “Goo-| 400- | ¢45| ¢224/ 731) 13. | 2] 2] y 
3,600 | 3,300 
3 4 3 0 0 0} 1,906 | 1,030 shut in 2} a! 2 
4 12 0 0; 900 Fs Fam a8 i ae 
5 9 0 y y y oe 2 
2 Abandoned. 


Character of Oil _ 


Approx. Average during 
1934 


Gravity A.P.1.| 

at 60° F. 

g ALE a 
P=] i | 

4 . as |5 5 3 

2| 2E=24| 2 

37 | 24 | 27 |0.90) A 

28 | 20 | 25 |0.90) A 
. 

47 | 40 0.2) P 

a) 2 z A 

y|oy y A 


Se 
Character of Gas 2 Ss =| Deepest Zone Tested 
Soe eas Prodneing Rok = 2 to End of 1934 
during 1934 >s 
Line s As 
= : we 
r Slee Ses d She Depth of 
B.t.u. per Cu. Ft. Name Ages 3 2 as ‘3 238 Name Hole Ft.i 
aq tes 3 — 
S| & |288| 3 Bes ; 
1 1,050 A,BandC Zones | Oli, Eoc | S | 34> | 300 | AF | 12 | Creu | 3,790 
2 1,050 A, Band C Zones | Oli, Boo | S | 32 | 3°] ar | 1 | Grev | 3,536 
3 2 1, 2.and 3 Zones CreL L x x A 0 GreL 3,007 
4 x y Koo 8 x x A 1 Eoc 
5 £ y Eoc, Cre} S y y A 4 CreU 5,434 
TaBLE 2.—Summary of Drilling Operations in Colombia 
(Figures in body of tabulation represent number of holes.) 
Completed Prior to January 1, 1935 Completed during 1934 
Drilling or 
Dry and/or Near-dry Holes Incomplete 
Produe- Produc- at End of 1934 
tive tive 
Department Total Depth, Ft. Wells Wells 
Dry and/or 
Near-dry 
Total| 2 Holes, Total 2 = 3 > 
S$1/s;s/;s;es/8s Sa 8 iz s 
o Oo i=) Co i=} i=) Os OA oS 
a o t Pred oS = AB (=) A= 5 
one ree 3 CENCE IE hone 
7) Se aeeetiee Sf: ce 1s e 
Santander , 
DeMares Concession | 2 5 8 3 3 1 22 698 0 30 5 
Santander Del Norte 
Barco Concession, . . li 3 3 3 


1 Abandoned producer. 


Petroleum Development in France and French Possessions 
By H. pe Cizancourt* 


FRANCE 


Tue Pechelbronn (Alsace) field is the only important French produc- 
ing field. During 1934, development was carried on as in previous years. 
The total output of this field reached 553,575 bbl. in 1934, showing a 
slight decrease from the 1933 figures. Of the total, 315,000 bbl. (56 per 
cent) was extracted by drilling, while 238,875 bbl. (46 per cent)iy was 
obtained by means of shafts and galleries. 

Exploration of deep Jurassic and Triassic horizons was still in progress 
at the end of 1934. A deep well reached the Upper Triassic at a depth of 
34 m. (2736 ft.). (Information kindly supplied by M. 8. Mena, Directeur 
Technique.) 

-As mentioned before, the small Gabian field (Herault) is gradually 
being exhausted. No drilling operations were undertaken in 1934, the 
small production being restricted to the pumping of old wells. 

Two exploration wells, noted as ‘‘drilling’” at the end of 1938, were 
completed in 1934; viz., Lavelanet (Ariége) at 3785 ft. and Santenay 
(Niévre) at 2578 feet. 


FRENCH POSSESSIONS 


Algeria.—No drilling at Tliouanet. Out of a total of 100 wells 
drilled in the area, only 8 are still producing. - No exploration work is 
reported during 1934 in Algeria. 

Tunisia.—Two wells completed; one well drilling at the end of 1934. 
A total of 11 wells is reported to have been drilled before the beginning 
of 1935; out of these, 8 were completed before the present program 
was begun. 

Morocco.—Exploration work progressed actively last year. The 
outstanding event was the coming in of Ts. 26 well at 1248 ft. This well 
took fire, therefore great difficulties were encountered in the accurate 
measurement of initial production; the figure of 1500 bbl. of oil given 
here is a near estimate. Oil flowed eer cpaite by a great amount 
of water. 

The apparent decrease of drilling Beh ite in 1934 is explained by 
the increase in field activities after the results of Ts. 26 were known; 


~ Manuscript received at the office of the Institute March 21, 1935. 
* Compagnie Frangaise des Pétroles, Paris, France. 
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many wells started during last year were not completed at the beginning 
of 1935. 

Moroccan production in 1934 was about 4000 bbl. These figures 
have not been entered under ‘‘oil and gas production”; the production 
being entirely due to the results of drilling tests, which have not as yet 
resulted in actual exploitation. 

Madagascar—French Equatorial Africa——These two possessions 
appear for the first time in the “drilling operations” statistics. In 
French Equatorial Africa a first exploration well was completed during 
1934; in Madagascar 13 wells completed between 1909 and 1919 have 
given no results. 

A new drilling program was started in 1934. One well was completed, 
one well was still drilling at the beginning of the present year. 


TaBLE 1.—Oil and Gas Production in France and North Africa 


sy ia - Total Oil Production, Bbl. 
fee, et ees ee ee eee 
Line ear F 
Num- Field, County A gee 
r : To End of | During | During | “4Y°"28¢ 
of | Oil | Total) “1934 1933 | 1934 | during 
1934 Nov. 
1934 
\ 
France 
1 Pechelbronn, Bas eTehith sou cele ei < steeiensaee 199 |+ 7,400] 7,400 |+ 13,000,000 | 558,670 | 553,575 1,340 
2 Gabian, Herault........ SaoMn See pe sete ll 151,888 3,000 2,955 
Algeria 
3 WHOA Er ere a erates, aean toate sei ais esr eter ete rene 23 |+ 30) +30 191,117 4,270 2,962 
Number of Oil and/or Gas Wells 
Avaraoe Oil Production Methods at End of 1934 
During Depth, Ft. 
whine 1934, At End of 1934 
umber | Completed 
to End of | 8 3 : : Number of Wells 
1934 @ | § | Producing} pot, _ | Bottoms of 
5) =| Oil Producing Productive : 
8 & Only Wells Flowing | Pumping | Gas-lift | Air-lift | Mining 
f + 4,000 116 | 64 641 641 °1280 641 3 Shafts 
3 + 100 8 8 1 i, 
Character of Oil , 
Approx. Average Producing Rock 
during 1934 Deepest Zone Tested 
a to End of 1934 
or) 
Gravity, ee 
A.P.I, at os Reference 
oly. 60°F bas to 
& Name Ageo | te te 3 Depth Text 
g | g B& F 8/3 2 eEe Name of 
2) ) 2 geecls ell laze Hole, 
eo) 8 |e pearls I f=) 
|S |S [eset] A |8| & | 255 
Pechelbronn  For- pyri hel 
1 |17 |34.4/23.7/0.08] M ; mation Fe Oligocene] S 
urassic and Triasic LD MF Li jasi 
2 |34.8/37 [35.7 Pp Triasic D A ie dee! bets 4 
3 |39 (47.6 Ve Miocene | S D Cretaceous 


/ Footnotes to column heads and explanation of symbols are on page 249. 
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TasBLE 2.—Summary of Drilling in France and French Colonies 
(Figures in body of tabulation represent number of holes.) 


Geetet ace to Jan. 1, Completed during 1934 
Dry and/or Near-dry Drilling or 
oles ‘ Produe- hho ee 
Produc- tive e 1934. 
County tive Wells 
Wells | Total Depths, Ft. 
Dry and/or Near- 
dry Holes, Total = | = 
ay esi pula el vehi Se NSA 
saelSleielst o\-oe | Solas 
Be) | Sih eee as | s | & 
b3 |3/sis/s Beeler 
Ei Silalals & = ica) 
France 
Pechellpronn ance stems ee oat ere sen 64 52 41 
Gabians. et eo ee eee see! 0 
Other Counties, 4,..0.2..ce0.5.. sects «5 il 1 2 0 0 0 
NT OrOGCO cette ie siete Pens is Niele a 7 6 
ROTATE aera at deo o cette a eet 11 ih st 2 1 
IMIAPASCALS sec eins ee reese ccs oes ks sa 14 1 1 
Gabon (French Equatorial Africa)...... a il 1 
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Petroleum Development in Germany during 1934 


By WALTER KAUENHOWEN* 


(New York Meeting, February, 1935) 


Tue production of crude oil in Germany during 1934 totaled about 
2,200,408 bbl., a 33 per cent increase over the 1,670,109 bbl. produced 
in 1933. This is an extension of a yearly increase which has continued 
uninterruptedly since 1928. 


TaBLE 1.—Ouzl Production of Germany by Fields and Oil Provinces, 


1928-1933 
(Barrels of 42 Gallons)* 


Salt-dome Province Thurin- 


cian Rosin} ‘Total Prop 
eed ienhagen- elie Oelheim- “German 
“ilniggen | Steine | Eddesse | QbsrF | total Salt, | Yolen] Neck 
1928 | 274,323 | 322,742] 679 | 46,319 | 644,021° 644,315° 
i929 | 310,801 | 337,582| 10,535| 67,578 719,001 720,069 


1930 586,404 | 427,539 | 100,716 | 72,485 |1,186,969% | 29,806 | 1,220,296¢ 


1931 506,548 | 403,634 | 213,549 | 116,088 |1,242,598° | 360,885 | 1,602,517¢ 


1932 769,405 | 366,982 | 230,979 | 130,711 |1,498,077% | 110,481 | 1,608,558¢ 


1933 | 1,014,853 | 376,628 | 127,211 | 110,131 |1,628,823¢| 40,698 | 1,670,109¢ 


1934 | 1,685,124 | 363,118] 52,001 | 88,935 |2,189,964¢| 10,444) 2,200,408 


¢ Official figures published in Germany are given in metric tons. For the above 
conversion into barrels a factor of 1 metric ton equaling 7 bbl. has been meee 
» Includes a very small production from Heide in Holstein. 


¢ Includes a very small production from Tegernsee in Bavaria and Bruchgal in 
Baden. 


4 Preliminary official figures. 
¢ Estimated. 


Propucine Frevps 


The 1934 increase in production is due chiefly to developments in the 
north district of the Nienhagen field, where the production in 1934 
Manuscript received at the office of the Institute Feb. 13, 1935. 


* Hamburg, Germany. 
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was 66 per cent greater than in the previous year. In 1934 it furnished- 
76.9 per cent of the total oil production of Germany. The Wietze field 
in 1934 contributed 16.7 per cent of German oil production. The 
output-of the field remained rather stable. The Oberg, Oelheim-Eddesse, 
and Volkenroda fields showed decreases. 


Wiupcat AcTIVITIES 


The most important feature during the year was the active interest 
of the German Government in the development of its national oil 
resources by subsidizing wildcat wells. In March, 1934, the Govern- 
ment appropriated the amount of RM 5,000,000 for this purpose. Under 
a special plan, subsidies were granted to 57 wildcat wells. Fifty per cent 
of the drilling costs of these wells is to be paid by the operators and the 
other fifty per cent is to be advanced as a loan by the Government. 
The total footage of the subsidized drilling program in its first year is 
estimated officially at 175,000 ft. Subsidies are granted only for wells 
that are drilling outside of the proven oil fields. 

According to a published official report, 41 wells (including 10 shallow 
core tests) out of these 57 wildcat wells are located on 14 different salt 
plugs, 5 wells test other structural highs, 8 wells are drilling in the Thur- 
ingian Basins for Zechstein oil, 2 wells explore the fault-trap conditions 
of the Rhein-Graben in the State of Baden, and one well is drilling in 
Westphalia on a structural high. 

Besides these 57 subsidized wells, at the end of 1934, about 10 not 
subsidized wildcat wells were drilling in Germany and 30 wells were 
drilling in the proven fields. 


GErorHyYsICAL ACTIVITIES 


Geophysical surveying was done by various operators in a routine 
way, especially in the wildcat territories of northwestern Germany. 
The German Government is reported to have appropriated during the 
second half of 1934 the amount of RM 325,000 for a geophysical explora- 
tion program. The purpose of this work is to explore the regional 
geophysical conditions of Germany, especially of the various prospective 
oil provinces. In carrying out this program seismic, magnetic and gravi- 
tational methods are being applied. 


Oil and Gas Development in Iraq in 1934* 


By Ben B. Cox,t Mremser A.I.M.E. 
(New York Meeting, February, 1935) 


Durine the past year considerable progress was made in the exploita- 
tion of Iraq’s resources, although no new fields were discovered. The 
principal development was the completion of the much heralded pipe 
line from Kirkuk to the Mediterranean, by the Iraq Petroleum Co., Ltd., 
and the beginning of crude exports to Europe on the second of August. 
Official ceremonies for the opening of the lines took place in January, 
1935. The line in itself is sufficient achievement under the existing 
natural handicaps to deserve a moment’s attention. It is 1151 miles 
long, composed of two independent lines made up mostly of 12-in. with 
some 10-in. and 8-in. pipe, and extends from Kirkuk westward 156 miles 
to beyond the Euphrates River as a double line. From that point, near 
the village of Haditha inside the Iraq border, it bifurcates, one leg going 
as a single line to Haifa through the British Mandated Territories of 
Trans-Jordania and Palestine, and the other to Tripoli through the French - 
Mandates of Syria and the Leban(on)ese Republics. The total length 
of the Tripoli line is 532 miles, of the Haifa line 619 miles. The line 
leaves Kirkuk at an elevation of 1013 ft., drops to 350 ft. at the Tigris, 
to 200 ft. at Wadi Tharthar west of the Tigris and again to 300 ft. at 
the Euphrates, rises to more than 3150 ft. at mile 451 on the central 
Arabian steppe along the south line and to more than 2500 ft. at mile 
466 along the north line. On crossing the rift valley of the Jordan River 
south of Galilee, it drops abruptly below 850 ft. below sea level, requiring 
the use of extra heavy 8-in. pipe and a relief station to reduce the pressure. 
A picked group of American welders, under H. 8. Austin, of the Ajax 
Pipe Line Co., laid the line. It is coated, wrapped, and buried 30 in. 
beneath the surface in solid rock along much of the route. It crosses 
four large rivers and wide stretches of alkaline soils. Twelve pumping 
stations are employed, three of which are double east of the bifurcation. 
Each single station houses three 500-hp. crude-burning deisel engines 
flexible-coupled to reciprocating pumps. Each pumping unit is capable 
of handling a minimum of 21,000 bbl. of oil, giving the entire system a 


* Published by permission of the Near East Development Corporation. Manu- 
script received at the office of the Institute Feb. 20, 1935. 
+ Geologist, Near East Development Corporation, New York, N. Y. 
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capacity of 84,000 to 85,000 bbl. per day. Each station is a small 
township, practically self-contained, with the comfort of the employees 
well cared for. Ample storage is provided at each sea terminal for the 
continuous operation of the line. Tankers will be able to load at Haifa 
in either an oil dock or at one of two sea lines but at Tripoli loading is 
confined to three sea lines. Sufficient pressure is available at each 
terminal to load a ship at the rate of 1000 tons per hour. Intercom- 
municating telegraph, telephone and teletype connect all operations 
from Kirkuk to the sea. A well made highway has been constructed 
through the lava country on the southern leg of the line, making com- 
munications and patrolling a relatively easy task. The company owns 
a fleet of airplanes, which may supplement the ordinary patrols. Ten 
years of constant effort together with the expenditure of very large sums 
of money by the I.P.C. (T.P.C.) have developed a remarkable field, the 
largest single-unit operated pipe line in the world, and a complete com- 
munications system in a sparsely populated desert region that for the 
most part is geared to customs and methods of Biblical times. Since 
April, 1931, the I.P.C. has produced for the treasury of the Iraq Govern- 
ment a minimum sum of $2,000,000 annually without taking account of 
related increase in trade to that small kingdom or the large employment 
permanently of its nationals hitherto able to turn only to an uncertain 
and primitive form of agriculture for their livelihood. Today oil is 
moving on schedule to European ports. The project as a whole has 
been an outstanding example of international corporate accomplishment 
when freed of extraneous interference. 

The Mosul Oil Fields Ltd., following a geological survey of its West 
Tigris concession last year, began drilling operations through its sub- 


.sidiary the B.O.D. Ltd. To date it has reopened the low-gravity 


Qaiyarah-Najmah-Jawan field discovered by T.P.C. (I.P.C.) in 1927 and 
abandoned by the latter in 1928, and is reported as drilling a deep test 
on this structure as well as tests on Sadid and Hujara, all of which lie in 
the Shergat district. Nine wells in all are being drilled. Under its 
concession with the Iraq Government, it must construct a pipe line 
to the tide water when 1,000,000 tons per annum potential production 
has been proved. 

The Anglo Persian Company’s subsidiary, the Khanigin Oil Co., 
Ltd., continued to develop its Transferred Territories field at Naft 
Khaneh during 1934 and to supply the local Iraq market through the 
Rafidain Oil Co., Ltd. with products from its refinery near Khaniqin. 
A further outlet for Naft Khaneh crude will soon be provided, when the 
pipe line from Naft-i-Shah (the Persian extension of the Naft Khaneh 
field) to Kermanshah, Persia, which is now under construction, is com- 
pleted. A refinery is being constructed at Kermanshah. 
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510 OIL AND GAS DEVELOPMENT IN IRAN IN 1934 


Oil and Gas Production 
Very little gas was produced with the oil during the year and so far 


no market exists for the gas. Approximately 8,000,000 bbl. of oil was 


produced during 1934 from all fields and approximately 7,000,000 bbl. 
was exported, including the crude required to fill the Iraq Petroleum 
Company’s new pipe line. 


Iran 


(New York Meeting, February, 1935) 


AccorDING to published reports, controlled production from the 
Masjid-i-Sulaiman and Haft Kel fields for the year 1934 was as follows: 


BARRELS BARRELS 

January) sects tee tte cok oa BAT ial ye Be ee eee 4,577,251 
February 3,988,502 | Aupust..<s.<2 Saab feowhess 4,886,462 
Marehicn.aq.. at ere cre eae 4,483,535 sSeptember: «2. <5..1 n eee 4,955,419 
April co cchor stenacute aa ee A284, 25s (OCtOBCDS ..5..iatne Saree 4,499,530 
Mary. Surnes, toe cerca aerators 4,648,105 November................. 3,825,178 
JUNG. Soe eee eS ee 4,399,045 December.................. 4,049,556 
52,761,604 


‘No new development of major importance in either of these areas 
is reported. 

Owing to the increasing demand in North Iran, particularly for 
gasoline and kerosene, it has been arranged that this market shall in 
future draw its supplies from a newly constructed refinery at Kerman- 
shah. This refinery is connected by a 3-in. pipe line, 145 miles long, 
with the Naft-i-Shah field, on the borders of Iraq and Iran. 

The crude oil will pass through a topping plant at the field and the 
products will be stored and pumped to the Kermanshah refinery in 
such proportions and quantities as are demanded by actual market 
requirements. 


Manuscript received at the office of the Institute Feb. 20, 1935. 


Oil-field Activity in Italy during 1934* 


(New York Meeting, February, 1935) 


THE year 1934 saw a very thorough and intensive search for oil in 
Italy, both by the Government-subsidized company, the A.G.LP., 
and by the few smaller operating companies. Approximately two-thirds 
of the exploration work, however, has been done in the Province of 
Emilia (northern Italy). 

The A.G.I.P. has been particularly active in the Emilia district and 
has sunk several rotary holes between Voghera and Ferrara on structures 
located by geophysical means in the Po Valley. Only insignificant 
amounts of oil have shown up in these tests to date but gas has been 
found in fair quantities, and apparently the company is not yet prepared 
to abandon its search in this part of the country without further effort. 
In Central Italy, the same company has put down four tests with cable 
tools and of these two were “dry holes” and the other two found only 
traces of oil. The A.G.I.P. also sank two wells in southern Italy and it is 
believed that in these the indications were sufficiently encouraging for the 
exploration work to be continued. No serious drilling has yet been done 
in Sicily by the A.G.I.P. or any other company. The annual subsidy 
granted to the A.G.I.P. by the Government for the duration of its five- 
year plan has been considerably reduced for 1935 and this may interfere 
with the completion of the coming year’s program in all its details. 

The Societa Petrolifera Italiana, which is the chief producing com- 
pany in the country, has continued the development of its two fields, 
Salsomaggiore and Vallezza, and at the same time has intensified its 
program of exploration. Rotary machinery has been introduced and is 
undergoing a thorough trial, and prospects of finding new pools at 
greater depths are considered good. The charcoal adsorption plant 
at Vallezza has operated satisfactorily throughout the year and has 
produced nearly 3000 bbl. of high-grade gasoline. Besides the explora- 
tion well at Rile dell’Olio, which is still drilling, another wildcat test has 
been started at Torre-di-Traversetolo. All operations of this company 
are confined to the district of Emilia. 

The Societa Petroli d’Italia has continued to operate the old fields of 
Montechino, Gratera and Velleja, and has a well now exploring at greater 
depths in that general area. Of the two exploration wells in the Torino 


* Paper secured through W. P. Haynes, Member A.I.M.E., London, England. 
Manuscript received at the office of the Institute Feb. 10, 1935. 
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district, one has been abandoned at a shallow depth owing to difficult 
drilling conditions, while the second has also made only moderate prog- 
ress. The fields of Ripi, S. Giovanni Incarico and Ceccano are probably 
to be closed down soon. The Government’s recent action in reducing 
the premium on crude produced from the national subsoil has adversely 
affected the profits of private companies, and it is probable that this is 
the reason why it is no longer possible to operate these fields in Central 
Italy on an economical basis. ; 

Although official figures have not yet been issued by the A.G.I.P. 
and Petroli d’Italia, the year’s output of crude, and the footage drilled 
may be briefly estimated as follows: 


Footage Production of 


. Company Dulles cuuang Grude, Bbl. Remarks 

Societa Petrolifera Italiana... 45,500 117,200 High-grade crude (Emilia) 

Societa Petroli d’Italia....... 17,000¢ 13,200¢ | High-grade crude (Emilia) 
3,460 | Heavier crude ~ (Central 

Italy) 
A.G.I.P. (Azienda Generale 46,235 18,900 Medium-grade crude from 
Italiana Petroli. Fontevivo, Podenzano, &c. 
TOUR eter cre cceadeaet ee tas 108,735 152,760 


* Hstimates based on incomplete data. 
’The A.G.I.P. figures are based on the Italian financial year; namely, from July 
1, 1983 to June 30, 1934. 


Petroleum Development in Mexico during 1934 


By V. R. Garrias* anp R. V. Wuetse.,* Mempers A.I.M.E. 
(New York Meeting, February, 1935) 


PRINCIPAL events in petroleum operations of Mexico during 1934 
have been the completion of three producing wells in the Poza Rica 
area and the plans for the expansion of operations of the Cia. de Petroleos 
de Mexico, S.A. (Petromex). Production for 1934 is estimated at close 
to 38,000,000 bbl., an increase of 4,000,000 bbl. over the previous year; 
an increase due in large part to the successful development in Poza Rica. 
The output of the South fields (Golden Lane) and Tehuantepec fields 
also increased somewhat during the year. Production of natural gasoline 
increased from 382,000 to 431,000 bbl. in 1934. Crude run in local 
refineries is estimated at 26,000,000 bbl., some 4,000,000 bbl. more than the 
previous year. Exclusive of bunker fuel exports totaled 24,000,000 bbl., 
or 3,000,000 more than in 1933. Domestic consumption increased 
approximately 500,000 bbl. during the year, reaching a total of close 
to 13,600,000 bbl., exclusive of ships’ bunkers. 

A total of 148 wells were completed as compared to 91 in 1933 and 
40 in 1932. In proven areas, 133 completions resulted in 54 producers 
and 79 failures. The 15 wildcats drilled during 1934 gave no encouraging 
results. Seven of these were located in the border zone of northeastern 
Mexico; three tested possible northeast extensions of the Northern 
fields; two were drilled for possible extensions of the “Golden Lane” 
and three were completed in the Isthmus of Tehuantepec. 


FIELDS 


Northern Fields (Heavy Oil District).—There were 34 producing wells 
and 71 failures completed in the Northern fields, as compared to 20 
producers and 20 failures in 1933. Practically all new producers were 
drilled to the shallower San Felipe formation, while wells drilled to the 
deeper Tamasopo limestone encountered salt water. Production of the 
field totaled 11,890,000 bbl., a decrease of 7.5 per cent from the previous 
year. Acid treatment was attempted during the year in seven wells 


Manuscript received at the office of the Institute Jan. 28, 1935 
* Foreign Oil Dept., Henry L. Doherty & Co. 
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without any appreciable success. In some cases tubing and recondition- 
ing of old wells checked the declining trend of production. 

South Fields (Golden Lane Area).—During 1933 there was no develop- 
ment on the Golden Lane structure of the South fields. Renewed 
activity in 1934, however, resulted in five producers and eight failures; 
new producers added about 1000 bbl. daily to output. Old wells main- 
tained a remarkably steady output and as a result the area in 1934 will 
produce some 1,814,000 bbl. more than in the previous year. 

Poza Rica.—Only three wells with an average depth of 7600 ft. were 
completed in Poza Rica during 1934. All averaging daily yield about 
4000 bbl. each. Since the discovery of the pool late in 1930 it is estimated 
that an area of about 10 sq. km., or about 2500 acres, has been proven. 
The reservoir rock is similar to the El Abra limestone in the Golden 
Lane and the wells produce under high gas pressure. Their initial yield 
indicates, however, that the ultimate production of the pool per unit 
area will not be as large as that of the Golden Lane. Three wells were 
drilling at the close of 1934 that may extend the area of the field. No 
development has yet occurred that marks the limits of the pool to the 
south and east. Production in 1934 totaled 3,669,000 bbl., compared 
to 803,300 in the previous year. 

Isthmus of Tehuantepec Fields—Eleven wells were completed in 
proven areas during 1934, all of which were producers. In 1933 a total 
of 37 completions resulted in 29 producers. The 11 completions during 
the year were more than sufficient to maintain steady output, as produc- 
tion increased from 9,240,000 bbl. in 1933 to 9,580,000 in 1934. 

Mier Gas Field (Camargo).—Only one well was completed in the 
shallow gas field at Mier near the United States border during 1934, 
with a reported initial capacity of 20,000,000 cu. ft. daily. Gas output 
and pressure decreased steadily during the year in the four produc- 
ing wells of the field. The gas from this field is utilized by the City 
of Monterrey. 


TaBLe 1.—Production of Oil in Mexico 


Production, U.S. Barrels 


Number 
Total si ane. 
otal since ucing 
1933 1934 Discovery to Novem- Well: 
End 1934 | ber, 1934 ars 
Northern fields (11° to 14° A.P.I.).....| 12,879,000) 11,890,000] 705,869,000} 922,769 595 
South fields, Golden Lane (20° to 24° 
AVP). Soha Che aoe wrasse eae 10,853,000) 12,667,000] 986,764,000] 1,038,313 241 
South fields, miscellaneous............ 225,000 191,000 4,629,000 14,363 32 
Poza, Rica (38° to d4°-A. Pt eer 803,000) 3,670,000 4,667,000} 460,616 5 
Isthmus of Tehuantepec (32.5° A.P.I.).| 9,240,000} 9,580,000 59,548,000} 889,720 180 
34,000,000) 37,998,000] 1,761,477,000 
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CruprE O1n Prices AND TAXES 


The price of heavy crude spot cargoes f.o.b. Tampico increased from 
74¢ per barrel at the close of 1933 to $1 per barrel by September 1934. 
At the close of 1934 the price was steady at $1 compared with an average 
price of 60¢ in 1933; 44¢ in 1932; 55¢ in 1931; 60¢ in 1930; 65¢ in 1929 
and $1.05 in 1928. 

Southern crude not controlled by local refineries sold as low as 
35¢ a barrel at the well during the greater part of 1934. Toward 
the close of the year, however, prices of such crude began to increase 
substantially. ; 

Table 2 shows Mexican oil taxes for December, 1933, and December, 
1934. 


TasLe 2.—Mezxican Oil Taxes 


a ES SSS — 


Per U.S. Barrel = Per U.S. Barrel 
December, | December, | December, | December, 
1933 1934 1933 1934 
Heavy crude....... $0.10646 | $0.11654 | Crude gasoline. . .| $0.27335 | $0.26411 
Light crude.....-.- 0.17196 | 0.18783 | Refined kerosene..| 0.08635 | 0.08419 
Puello gab wt 0.16321 | 0.16765 | Crude kerosene...| 0.17709 | 0.17236 
Refined gasoline....| 0.12786 | 0.12344 Lubricants....... 0.14805 | 0.14850 


eet ee SS) 
OvTLOOK FOR 1934 


Drilling activity and production in the Northern fields is expected to 
decline in 1935. New development in Poza Rica and south of the 
Tuxpam River, however, probably will increase output in these areas, 
while fields in the Isthmus of Tehuantepec should maintain their present 
output. It is reasonable to expect that Mexican production in 1935 
may reach 40,000,000 barrels. 


Netherlands East Indies and Sarawak 


(New York Meeting, February, 1935) 


Tue figures given here were received through the courtesy of the 
Bataafsche Petroleum Maatschappij and the Standard-Vacuum. 

There is an increase in production for the year of approximately 414 
million barrels. In November the average production indicated that 
during the year 1935 the total production would probably exceed 50 
million barrels. To maintain this production, only 106 wells were drilled 
during the year, mainly in South Sumatra. 


TasBbEe 1.—Ouil and Gas Production in the Netherlands East Indies and 


Sarawak 
' . Average | Total Gas Pro- 
Total Oil Production, Bbl. Oil Pro- | duction, Millions 
oe austen, Cu. Ft. 
Administration ~ | to End Z Well Daily 

of 1934 : : Daily | during , ; 

To End of During During Average Nov., During | During 
1934 1933 1934 uring 1934 1933 1934 
Noy., 1934 
1 | North Borneo.......... 25 62,896,825 | 4,277,000) 4,682,000 12,790 29 2,375 4,152 
2 || Bast; Borneo. ..... 2.0 39 305,864,205 | 14,252,000} 13,562,000 38,090 58 4,099 5,345 
8. @epauny: sav ected aera 38 4,394,519 262,000 253,000 687 22 36 28 
BURA A cis eccs te aragideys. a ae 47 71,649,013 | 3,610,166} 3,797,962 10,052 22 1,389 1,578 
5 | South Sumatra......... 38 157,473,670 | 16,484,694] 18,833,976 52,534 64 2,823 3,174 
6 | North Sumatra........ 50 99,796,840 | 6,079,000) 8,342,000) 23,749 226 1,721 1,736 
7 otal. Besa aust seks 702,075,072 | 44,964,860) 49,460,938] 137,902 | 53 12,443 | 16,013 
le : Oil Production Methods at 
Number of Oil and/or Gas Wells Average Depth, Ft. End of 1934 
i f i 9% 
Sunset During 1934 At End of 1934 Bottoms |'To Top af Number of Wells 
to End of Ms Pro- Produc- 
19341 , Produe- | Produc- | Total uctive tive ; 

: Com: | Aban~ | ing Oil | ing Gas | Produc-| Wells. | Zone | Flow- | Pump- | Gasdlift + 
ple 0 Only Only ing ing ing Air-lift 

1 | 512 3 443 1 444 | 340-5,280| 130-5,242 9 413 21 

2 11,290+y] 26 661 1 662 | 230-2,620 | 210-2,600/ 13 628 20 

3 75 2 31 31 | 260-1,020 | 240-1,000 31 

4 |1,428-+y| 1 473 473 | 160-2,950 | 130-2)880 7 462 4 

5 | 1,679+y 68 441 3 444 | 290-5,400 | 160-5,200 160 98 183 

6 943 ++ y 6 105 105 | 300-4,140 | 260-4,100 40 33 32 

7 | 5,825 + y 106 2,154 5 2,159 229 1,665 260 

ee eee eee en 
1 Explanation of symbols is on page 249. 
Manuscript received at the office of the Institute Feb. 19, 1935. 
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NETHERLANDS EAST INDIES AND SARAWAK 


TaBLE 1.—(Continued) 


a 


Producing Rock 


Dry and/ 
Struc-| or Near- 
tures | dry Holes 


517 


Deepest Zone Tested to End 
Number of of 1934 


. Depth 
Name Ageg Character aed on - Name of aoe 
1 | Seria—and Miri formations Mio SsH 18 AF 80 Miri deep shale 6,180 
2 | Balik Papan + Poeloe Balang | Pli+ Mio | 8sH,S 10-80 | Af 199 + y | Poeloe Balang zone| 5,250 
and Tarakan formation p 
3 | Boela formation +- Triassic Pli + Tri SsH y Af 40 Triassic 2,400 
4 | Mergeiklei—Globigerinae— | Pli+ Mio |S, SH, LS 15-35 | Af 308 + y | Basismergelzone 5,900 
Orbitoid zones . 
5 | Palembang—and Telissa zone ge Mio +/8, SH, SS | 13-28 | Af 344 + y | Under Telissa zone | 7,550 
eogene ’ 
6 | Seuroela—Keutapang—Grens- | Pli+ Mio |S, SH, 8S y Af 242 + y | Grensklei zone 6,680 
klei zones 
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TaBLE 2.—Summary of Drilling Operations in the Netherlands East Indies 
and Sarawak 


I 
Completed Prior to Jan. 1, 1935 Completed during 1934 Dalle of 
Incomplete 
Dry and/or Near-dry Hol Dry and/or aT ag 
ry and/or Near-dry Holes Neat-dry, Holes 
Administrations Total Depth, Ft. Total Depth, 
23 ag 
D = 
Be cee 
| S © lelelele oe slololo 23 3 e 
Pers Woetresisicis BAZ [ISIS|S| 4s] a | =F 
3/222 gel] = | se8 Slelgteteez| 2 | 2 
7 }s | 218 esse cs (6 Sisisisia | & | a 
North Borneo...... 30 27 16 (ie 83 505 3 1 1 
East Borneo....... 92 + y| 74 f y\25 : y\4 +y] 2} 2 wie y ae y 3 3 4 7 1 
Ceramene uinacicnte: 34 
i fiy Bin etoenter. me 217 +y| 75 +y|10+y/3 +y| 1] 1] 1) [808 + 4/1348 + y 1 1} 2 1 
South Sumatra..... 200 + y|108 + y/21 + y/8 + y| 3) 2) 1 1/344 + y/1579 + y| 1) 2) 1) 1 5| 20 3 1 
North Sumatra...../153 + y] 49 + 9/33 + y)2 +y 2) 2) 1] 1242 +y} 712 +y 6 1 
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Petroleum Development in Peru during 1934 
By Ouiver B. Horxins,* Memper A.I.M.E. 


(New York Meeting, February, 1935) 


Tue Peruvian production increased over 3 million barrels from 1933 
to 1934—from approximately 1314 million barrels to over 1614 million 
barrels—bringing the cumulative production of the country up to 171 
million barrels. Most of this production, as well as most of the increase 
in 1934, came from La Brea-Parinas Estate, the property of the Inter- 
national Petroleum Co., Limited. In 1932 Peru stood eleventh among 
the oil-producing countries of the world, but in 1933 her production 
exceeded that of Trinidad, Argentine and Colombia, which placed her 
in eighth position. In 1934 Peru’s production was exceeded by that of 
Colombia by about one million barrels, and by that of the Argentine by 
about 114 million barrels, thus placing her in tenth position. After 
several years of relative inactivity in drilling and exploration there 
was a noticeable increase during 1934 in both of these lines of activity. 


Ort FIEeLps 


La Brea-Parinas Estate-——Production on the La Brea-Parinas Estate 
reached a significant total of 85,080 bbl. as early as 1891. It increased 
to over one million barrels in 1912, and to over 10 million barrels in 1929, 
and in 1934 it reached an all-time high of over 14 million barrels. The 
total production from 1890 to 1934 was 133,784,609 barrels. 

Practically all the drilling on the property has been done with cable 
tools, but during 1934 three strings of rotary tools were introduced. 
One was a heavy outfit for drilling a deep test and the other two were ~ 
lighter outfits for deepening wells in the newer section of the field, where 
the gas pressure was too high to permit safe drilling with standard tools. 

During 1934 a total of 28,127 ft. was drilled, 66 wells were deepened, 
and 6 new wells were completed. At the end of the year 2844 wells had 
been drilled on the Estate, of which 1814 were still productive. The 
remaining 1030 wells represent abandoned producers or dry holes. The 
total area that has been productive up to the present time is estimated 
at 13,369 acres. 

An interesting article on the various phases of operations of the 
International Petroleum Co. was written by Arthur Iddings and published 
in The Oil and Gas Journal (Dec. 27, 1934). 


Manuscript received at the office of the Institute Feb. 20, 1935. 
* Chief Geologist, Imperial Oil Ltd., Toronto, Ont. 
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The Lobitos Property—The Lobitos property, operated by La Com- 
pania Petrolera Lobitos, consists of 141,140 acres along the coast north 
of the La Brea-Parinas Estate. There are two producing fields on this 
property, one at Lobitos and the other about 15 miles farther north, 
at Cabo Blanco and Restin. From 1905 to the end of 1934 these fields 
produced slightly under 34 million barrels. To the end of 1933, there 
had been drilled 827 wells, of which 580 were producers at that time. 
The average depth of the wells is approximately 2200 ft. and the produc- 
tion comes from the Eocene and Oligocene, or, generally speaking, from 
beds of the same age as are productive on the La Brea-Parinas Estate. 
The productive area amounts to approximately 7000 acres, and the aver- 
age yield per acre has been about 5000 barrels. 

Zorritos Property.—Piaggio & Co., operating at Zorritos, controls an 
area of 951 pertenencias, or approximately 7315 acres, on which 380 wells, 
with an average depth of approximately 1500 ft., had been drilled up to 
Dec. 31, 1933, and from which approximately 2,993,689 bbl. of oil had 
been produced to the end of 1934. During 1934 some 35 to 40 wells 
were producing, and are reported to have yielded during that year 
47 ,668 barrels. 

Very little drilling has been done on this property in recent years 
and no notable extensions have been made to the productive area, which 
amounts to about 300 acres. All the production has come from beds 
considered to be of Miocene age. The first production of 5501 bbl. 
from the property was reported in 1884. The highest production was 
obtained in 1910, when 107,000 bbl. was produced. The yearly pro- 
duction during the past five years has been approximately one-half of that 
obtained during 1910. 


Tap E 1.—Oil and Gas Production in Peru 


ee ee 


i rags Total Oil Production, Bbl. 
8 8 
g Field, Department a 
£3 To End of | Duri During | Daily, Aver- 
4 On| Total ae ore oe: age during 
2 Gan 1934 1933 1934 D 1934 
=I 26 ec., 
A 
B Parinas, Piura.......- 45 | 13,500 | 13,500 | 133,784,609 11,205,362 | 14,130,102 39,885 
D Labiter = Restin, Prana FoI 30 33,944,213 1,994,700 | 2,101,340 6,000 
3 | Zorritos, Tumbes........-+++-+5+ 51 2,993,689 57,256 47,668 131 
4 | Pirin (Huacane), Puno..,....----- Operations aban- 285,936 0 0 0 
doned in 1915 
Lite Cl Ren gape SOO UnOnCObC Otay 171,008,447 13,257,318 | 16,279,110 


Development of Oil and Gas in Poland during 1934 


By Cyartes BoHDANOWwICcz* 


As in preceding years, the most intensive drilling activity during 1934 
took place in the old fields of the western part of the Polish Carpathian 
petroleum province (district of Jaslo). The number of wells completed 
to the end of 1934, expressed in percentages, is as follows: Jaslo district, 
57 per cent; oil fields outside Boryslaw-Tustanowice-Mraznica, 27; 
Stanislawow district 8 and Boryslaw fields only 7 per cent. The number 
of meters drilled (Table 2), expressed in percentages, for the same fields 
are as follows: Jaslo district, 51 per cent; oil fields outside Boryslaw- 
Tustanowice-Mraznica, 26; Stanislawow district, 12, and Boryslaw 
oil fields, 11 per cent. This comparison shows that most of the new 


TaBLeE 1.—Oil and Gas Production in Poland 


4 Age, Years 
ets ‘ Field, County to End of 
ive 1934 

Jaslo district 
1 Domin: Kob, Libs ip; Krypgs, Gorltce sp acct teen tac se co tiaieisa ae teens ieee eee eee eee 70 
2 Bieos, Biecs-Korezynay Sasa ssccsinsis leisint ints fas «Abba hha etacs » Seek ane ee es 37 
3 Harklowa, Kroenoisesesscea vsada sashes od fe ere Mea Oe se de Ole Ser Oe an 64 
4 Roztoki, Jaszezelv. Brzez Sadk., Jaslo-Krosno........5-.200cceecsceeccecceeuncreecceescess 25 
5 Potok, Kiroend. Jo... os os Tae diabetes FANS ARERR TC ATR ISS Ch cacate Raee a eee a ee 43 
6 Toroszdwhka, Krosnd vsvs-s ss 0d wasacattle, watareiuanlyetenia.ajaayerelss eat iay ce eect jats arene ae 44 
7 Krosno-Kroscienko, Arosno......0.0<e0vcnessacsee Ee Ee et ree corAca at oie 46 
8 Zmiennica-Turzepole-Strathocina, Brzoz6w....cccseecsccccecccsccctvcceuvesvenvecrnecceesnc 38 
9 St. Wies-Grabownica-Hummisks, Brsogdw. 2c... 0 vem op. ce wes oe otek an cae eemee ee ene 38 
10 Weeléwka, KPOSIG, oe scasvleo se toro es Oe ese Oe ors eT ls ROE ce ee, RAE Ee AE cee 46 
11 Bobrka-Rowne-Rogi-Wietrano, Koei sien siaczccatsieie oinsa.0 v-avssassiecheleviccestracie Maree unison een 76 
12 Lubatowka-lwontos=W dla,  Sanok ......ocpe.as.71i.00c.c ac cabs Sovssire tem ted ic eae ne ee 46 
13 Mokre; Tyrawaisolna- Zagora; Sanok-Disko. coor setae come ine vacs det caren meee oie en eee: 53 
Total Jaslo 
Drohobyez district 
Median zone 
14 Wankowa-Lieszczowate, Lisko..............0.0ceecees Fer tO AS Ae ae RE We eh 48 
15 Roplenka-Passowa;Uashons.. sas se sacra ruse vt ee slac is Oe ain peda sigan leiec instant 49 
16 Rapekio-Polana, Lasko rite cc.csien ote tetas obs tien Ee SCE ene ce on ae ae 48 
17 Strzelbice, Stary-Sambar............0c0ccceeeveues 5 iors wa disieta che ae eae 51 
18 ,| Schodnica-Uryog,Drohobyea. i. occ. oe eon ca eke Ree tates aoe Pe ee eee enn 53 
Marginal zone 
19 Boryslaw-Tustan.-Mrasnica, Drohobycz\)o.. 4 00s shan cee ae tare en eee Eee 48 
20 Rypnie-Dubba, Doltria 2s oo ox. sscccetemessare « 5 BVh an serthetchnrs-a hac: cre ener tee een 47 
Total Drohobyez UMTS I aa a ee 
Stanislawow district 
21 Rosulna-Majdan; Bohorodcsany, ccc .ce sae weet ee te ani ere ae 45 
22 Bithkow,. Bohorodozany,...: 0.000 6a sppsacamaieise oreicv tee See oR oI ae ene 36 
23 Pasiecana, Nadworna cS caascs ce ete e hauls Sonia dence cece nee ant ae 66 
Total Stanislawoww. - — iowa <:2iteueconelll patos cate. gia iene An Cans nana 
a 5 risen Ys Pa Other Fields 
aszawa-Gelsendorf-Opary; Sites json seuss carenrelan ce narteen cee aie eee aa 
25 | Other fields pepe iia waa san ee ea caer = 
26 Total Poland 


Manuscript received at the office of the Institute Feb. 1, 1935. 
* Professor of Economie Geology, Warsaw, Poland. 
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* 
wells, not only the deepened old wells, are in the Jaslo district and in 
the fields outside Boryslaw-Tustanowice-Mraznica. 


TaBLE 2.—Total Meters Drilled, Poland 


Outside Boryslaw 


Year Jaslo Boryslaw Fields Stanislawow Total 
1934 38,080 19,480 8,219 8,824 74,603 
1933 32,382 19,418 7,582 7,519 66,901 
1932 25,267 17,690 8,063 7,458 58,478 
1931 28,666 20,749 14,444 10,653 74,512 
1930 38,551 30,251 28,616 19,180 116,598 


A comparison of the annual figures showing the number of new wells 
started in each year from 1930 to 1934 (Table 3) shows that the number 
of these wells in 1934 almost reached the level of 1930 only in the district 
of Jaslo, whereas in all the other districts there was a marked decrease. 


TaBLE 1.—(Continued) 


Average Oil . aye 
ere. Total Oil Production, Bbl. Production, || "ot! Gas Production, Millions 
Acres Bol Cu. Ft. 
=| # ~ 
Ht ao} 3 o |} oI 
, ‘ BY gi /8 leas BS 5 
s 8 ee Sl ssa ah = 8 3 |2 
| & S = = Gea |owirisciacemes | ls is 
z = = = 80 < =} 5.0 |BS ae Z x os iQ 
a =| 3 S| a3 | (| Baie “3 Sa)" 5 5 a3 | hips 
ole (apes 3 5 5 fas] 53 | 55] sz 3 5 5 aS 
3/6 |S6|/o|] & a Qa A a) Aa [A Ay a Q Q cathe 
1|| 1,062 1,062] 4,064,154] 143,190] 142,154] 425] 3,827 Bi 
2] 54 54 280,904] 24,124] 30,118] 93] 5,202 3.1 
3] 124 124|| 1,632,958} 73,260] 64,898 181] 13,169 1.4 
4 74/332| 406) '219,594| 29,008] 33,670] 107] 2,967 9.7] 59,6651 | 1,855] 3,090 | 9.03 
5 173 173] 4,755,832| 87,320] 67,192 166] 27,500 3.2 
6 99 99) '222,616| 18,944| 26,196] 91} 2,250 5.4 
7/86 86,  951,171| 42,328] 38,702] 104) 11,060 2.3 
8] 67| {307 374] 628,016) 19,980) 19,980) 52} 9,373 Ldiy See" | 122] Las 1/804 
9 296 296 1,671,438| 107,152] 110,038) 271) 5,647 5.8] ft 455| 521 | 1.8 
10) 156 156] 1,905,722] 28,860/ 26,862 _32/ 12,210 0.4 
11 198 198] 5,311,868} 85,100] 74,888] 234) 26,828 3.1 
12|| 185 185] 1,724,856| 22,200) 32,856] 87} _ 9,380 1.3 
13] 50 50] 1,166,750| —1,776| 8,954] 30 23,355 2.6 
24,545,879 | 683,242 676,508 60,231 | 2,432| 3,722 
14] 220 220| 4,109,315| 123,825] 111,740} 400} 18,680 2.9 
15) 74 74] 1,406,652] 25,125] 31,302] 86] 19,000 0.7 
16] 40 40] ° 58,981] 3,375] 3,256] 14) 1,474 1.4 
17 75 75) _ 568,468| 22,348] 19,610] _58})_7,580 1.7 
18| 716 716] 18,880,012 345,210) 344,396) 930) 26,368 1.8] (1916-1934) 
19 | 2,816 2,816) 173/839,542 | 2,392,732 | 2,251,524 | 6,251] 61,733) [12.0] 17,8212 | 5,950] 5,381 | 6.05 
20|) 150 150] 1,814,406] 152,440] 166,130] 466] 12,096 4.4) 2 450| 463 | 4.8 
200,677,376 | 3,065,055 | 2,927,958 177,821 | 6,400| 5,844 
21 75 75 '289,424| | 23,680) 23,616) —_66))_3,860 1.2 
22|| 250 250 5,545,166| 172,748] 180,218] 613) 22,181 6.4) 24,000 | 1,435] 1410 | 3.9 
23|| 150 150] 725,694 32,832] 29,002) 87} 4,838 8.0). 2? 142] ‘124 
6,560,284 | 229,260] 241,836 24,090 | 1,577) 1,534 
(1924-1934) 
24 650} 650 33,858 | 4,282] 6,576(?) | 18.0 
25 ? 113,163 | __ 71,255 
26 231,783,539 | 4,090,720 | 3,917,557 296,000 | 14,691]17,676 


« Footnotes to column headings indicated by letters and explanation of symbols are on page 249. 
1 According to Dr. Tolwinski 34,519. 

2 According to Dr. Tolwinski. 

3 For all fields in this area. 

4 New well Gorki. 

5 For Tustanowice field. 
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TABLE 3.—N umber of New Wells Started during Each Year 


Outside 
Boryslaw 


Boryslaw 


Fields 


Stanislawow _ 


—— 
————— es 
ee | 


1934 
1933 
1932 
1931 
1930 


81 
66 
58 
76 
86 


24 
42 
31 
36 
68 


work ao 


and 1934 because a number of wells were deepened or reconstructed. 


The number of producing wells (Table 4) has varied very little since 
1930, except that in the Boryslaw fields it somewhat increased in 1933 


TABLE 4.—Number of Producing Wells 


Outside Boryslaw . 
Jaslo Boryslaw Fields Stanislawow Total 
1934 952 1,126 884 211 3,173 
1933 Vir7 1,047 639 263 3,126 
1932 1,119 1,026 624 267 3,036 
1931 1,085 999 619 273 2,976 
1930 1,015 993 633 278 2,919 
TasBLE 1.—(Continued) 
Number of Oil and/or Gas Wells Average Depth, Ft. Oil Beet es we ots 
Com. | During At End of 1934 Number of Wells 
pict 
Ri " bie t 2 Bottoms of | To Top of i) 
2 |} 1934 z 3 2 E 3 8 >| Total Productive | Productive By 
2 3 s £aQ 32 23 r= & Produc- a ime &o § : 
a/8)asgl| 3 3 EI ing é Be 
2 B | 2|&e| Bs |8a| 88 3 i: 
Hs 0 |S jee] aS [ae a Ee ae 
1| 781 | 31| 388) 8| 377 2) 379 900-1,500 600 | ral | 3 
2 44 5 12 30 30 1,280 1,160 
3 261 8 127 1 128 2, 700 6 
4 47 5 1 3 8 21 32 3,000 + 2,900 
5 182 1 51 51 2,200-2,800 + 2,200 12 
6 49 4 17 17 600—1,000 500-900 
7 107 1 46 46 1,300 1,000 
8 59 1 4 36 2 38 1,000 450 
9 102 3 3 6 45 45 1,800 1,600 
10 221 t 2 79 79 820 660 
11 244 3 4 74 2 76 1,320-2,200 | 1,000-1,300 
12 75 5 67 67 1,300 1,2 
13 54 2 3 15 15 1,400 
2,226 64 | 41 46 967 8 28 | 1,003 
14 185 6 ll 174 174 1,450-1,600 + 960 
15 153 6 115 115 1,050-1,200 + 900 
16 21 1 2 10 10 1,100 
17 47 10 37 37 880 
18 733 3 141 501 501 1,440-2,100 + 1,200 ll 
19 || 1,237 8 4 | 240 514 | 130 644 4,330 + 2,560 
20 183 8 3 4 105 105 1,900-2,100 
2,559 32 7 | 408 942 | 514 | 130] 1,586 
21 64 6 5 5 54 54 1,200 
22 158 3 17 87 12 99 2,720-3,500 
23 188 6 29 1 30 1,600-3,500 
410 9 5 28 170 13 183 
a 18 4 2 14 14 2,100-2,400 + 1,300 
6 


6 Without other small fields, which include in Jaslo district (M 


approx. 38 wells, and in Stanislawow district (Sloboda Rung., Rommacs) sppron: 64 wells. 


e Zone) approx. 130 wells, in Drohobycz district 
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In spite of this increase in the number of producing wells, production 
could not be maintained at the same level in the fields of Boryslaw and 
Bitkow (district of Stanislawow). The total oil production during the 
years 1930-1934 is shown in Table 5. 


TaBLE 5.—Total Oil Production, Poland 
In cars (10,000 kg.) 


Outside Boryslaw 


Year Jaslo Boryslaw Hields Stanislawow Total 
1934 9,953 9,141 30,426 3,268 52,788 
1933 9,645 9,588 32,514 3,320 55,067 
1932 9,582 9,043 33,029 4,014 55,668 
1931 9,765 9,491 39,070 4,702 63,028 
1930 8,535 8,561 44,334 4,847 66,277 


Some time during 1930-31 a gradual improvement of exploitation 
by means of the ‘Mariette’ method was introduced in the fields of 
Lipinki, Potok, Schodnica and Urycz. By the end of 1933, in four sec- 
tions of the Schodnica field an increase of production was obtained, which 


TaBLE 1.—(Continued) 


Ch f Oil, A Spree 
; aracter 0 , Approx. Gas, Approx. . 
Pressure, Lb. per Sq. In. ‘Average during 1934 Average uring Producing Rock 
1 
Gravity 
Average at End of A.P.I. at 
60°F. ane B.t.u. 
Cra Ee ae | a ees, per : 
sia : Per Cent Cubic Nome 
| | be) Foot 
933 | 1934 | .8 a5 i 
: EI a BE 3 
s |S | a 
1 31 | 35 | 33 |0.13-0.30) P 1.124 Ciezkow sands (I-IT) and Cre. 
2 37 | 41 | 38 0.12 A 1.124 ° Ciezkow sands 
3 26 | 28 | 28 0.22 A 1.011 Krosno beds 
4] 1,420 IIhor. 144] 36 | 41 | 38 0.10 A 1.011 Ciezkow (I) and Cre. (III) 
; II hor, 800 37 |0.00-0.15} A 1.011 ae Ven Czarnozecki (III) 
497 |128 38 | 51 | 45 A 1.011 iezkow (I-II) 
- 71-142 28 | 34 | 33 0.09 A 1.124 Ciezkow (II) 
8 || 1,400 710 34 | 36 | 36 P 955 Ciezkow (I) & gas (II) 
9 1490-710 71 40 0.15 A 1.067 Ciezkow (I-IT) and III 
10 32 | 37 | 32 0.18 A 1.124 Czarnorzecki 
sti! 710 428 120 34 0.10 M 1.124 Ciezk. (I-III) Cre. (IV) 
12 17 | 49 | 29 A 1.124 Cigzk. (I-III) 
13 39 | 44 | 43 0.16 A Krosno beds ; 
14 32 35 0.29 P Krosno beds low. and Menil. upp. 
15 31 | 37 | 34 PM Krosno beds low. and Menil. upp. 
16 38 | 49 | 32 PA Krosno beds low. and Menil. upp. 
17 31 | 83 | 37 P Sandst. Eocene & Tamna 
18 29 | 39 | 34| 0.17 | A Tamna 
19 31 | 35 | 36 0.25 P 1.461 Horiz. I-VI (III-IV) Boryslaw) 
20 36 34 0.29 A Kliwa beds (1-3) 
21 38 | 42 A Hor. I-II : f 
22 38 | 43 | 42 |0.28-0.37) P 1.067 Hor. I-IV (Kliva beds) 
23 37 | 48 0.13-0.48] PM (Hor. O, I-IV (Kliva beds) 
94 Tartonian beds 
25 


x 
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amounted to 1322 cars! (a car is 10,000 gay A new company, the 
Polish Association of Petroleum Engineers, is actively at work in the 
Boryslaw area endeavoring to rationalize’exploitation.? 

The principal events in Poland during 1934 were the development of 
gas operations in the Daszawa-Gelsendorf gas fields (Stryj district, 
Sub-Carpathian Province) and in two fields of the Jaslo district. By 
the end of 1933 geophysical work undertaken by the “‘ Pionier”’ company | 
in all of the Daszawa territory confirmed the probability of a north- 
western extension of the structure of the Daszawa gas field. These 
indications were utilized by two companies (Malopolska and Polmin), 
which have leased considerable areas in this district. In 1934 three 
prospecting wells proved that an area of not less than 200,000 acres is 
probably gas-bearing in Miocene formations i in this district. 

In the Jaslo district the well Roztoki No. 5, on the anticlinal fold of 
Jaszczew-Potok, yielded from a depth of 1024 meters in Eocene beds a 
flow of gas up to 800 cu. m. per minute (open flow). Well Roztoki 
No. 3, which from a depth of 1001 m. gave an initial gas production of 


TABLE 1.—(Continued) 


— 
o 
Producing Rock re Deepest Zone Tested to End of 1934 
a) 
Net Po 
umber + es verage > |S ps 
Porosity,* : Peers of 
Ages g Per Cent Ft. E Ee S Name Hole 
E B (328 mt 
5 an |e 
1 Eoe. Cret. 18.7-21.3-2.5 80/ AM 
2 Koc. 120)) diap 
3 Olig. 150), A 
4 Eoe. Cret. 122 245]) diap Rozt. N5-Eoe. hor. (gas) 3,277 
D Hoe. Cret. 198] diap 
6 Koc. 80) 
uf Eo. 190)| diap ie 
8 Eoce. Cret. 100} diap Gorki, Cret. hor. gas 3,898 
9 Eoe. Cret. 19, 6-18 .4-20.5 200) diap 3 
10 Cret. 100) AM 
11 Koc. Cret, 160} A 
12 Eoe. 132] A 
13 Olig. as AF 
14 Olig. 8 30— 40] diap 
15 Olig. % 30- 40} diap 
16 || Olig. a 30} AF 
17 Koc. Cret. a 45) A 
18 Cret. 80-150) A 
19 Olig. oc. Cret. 10-15-17.4 | IV = 30-120] AF 1 || Oréw overthrust a. Olig. 7,277 
20 Olig. 30- 60) AF 3 
21 Eoc. 60- 80) 2 
22 Oli 15- 30) AF 
23 || Olig. Cret. 15- 30) AF 
24 Mioc. 25 30- 40 A(D) |}, 2 || Rachin-Tortonian; Modrycz-Salt | 4,560 
7 formation 5,613 


| ee ee a eee 


1H. Gorka: Les Résultats de la Méthode de Mariette dans les Mines de Schodnica 
et de Uryez. Service géologique carpathique I, 1933. 
J. Czastka: Problémes de l’Exploitation Rationelle des Couches pétroliféres 
dans le Bassin Occidental. Przemysl Naftowy, 1934. 
2 O. Wyszynski: La Corrélation des Horizons Pétroliféres dans les Grés de Boryslaw 
& Tustanowice-Est. Service géologique carpathique, Bull. 24, 1934. 
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‘the proven gas field area by at least 60 acres. 
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120 cu. m. per minute, had already been completed in 1933. Another 
well at Gorki (Strachocina field), on the anticlinal fold of Turzepole, 
gave a flow of gas of 120 cu. m. per minute from a depth of 1218 m. in 
Cretaceous beds (open flow). The closed-in pressure in this well is 
approximately 92 atm. Each of the wells mentioned above increased 
All these wells belong to 
the state enterprise ‘“‘Polmin,” and the gas is being carried through the 
Jaslo-Krosno-Moscice gas line to the large state plant of nitrogen 
products near the city of Tarnow. 

The extension of the area of the gas fields has not yet had any influence 
on the increase of gas and gasoline production. (See Tables 6 and 7.) 


TasLeE 6.—Total Gas Production, Poland 
Thousands of Cubic Meters 


Year Jaslo f ybehcat aoely Stanislawow Total 
1934 111,200 303,500 43,300 458,000 
1933 97,664 142,978 176,972 44,597 462,211 
1932 86,347 115,811 186,764 48,008 436,030 
1931 86,719 127,549 211,763 47,792 473,823 
1930 75,432 120,034 242,612 48,428 486,506 
| 
TasiLe 7.—Gasoline Production, Poland 
Kilograms 
Year Jaslo pie Stanislawow Total 
1934 4,382,000 | 33,123,303 | 2,961,817 | 40,467,120 
1933 4,033,312 | 34,924,813 | 3,020,301 | 41,978,426 
1932 2,521,915 | 33,257,716 | 3,053,045 | 38,832,676 
1931 1,455,932 | 36,140,120 | 3,384,970 | 40,981,022 
1930 197,240 | 34,903,905 | 3,392,505 | 38,493,650 
Number of gasoline plants in 
OSA emer a co rosiye se es 7 16 4 27 


The Boryslaw-Tustanowice-Mraznica fields are the main producers of 
gasoline, since they yield the largest amounts of casinghead gas. 

The production of ozokerite is slightly decreasing, not because of 
exhaustion of the ozokerite deposits but because of unfavorable market 
conditions. In the autumn of 1933 the ozokerite mines were closed down 
and they remained practically idle in 1934, during which year the mines 
supplied demands by reducing their stocks, which on the first of January, 
1934, amounted to 99,937 kg. Statistics for several years are given in 
Table 8. 
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TABLE 8.—Ozokerite Production, Poland 


Kilograms 
Year Boryslaw te eee, Total : 
1934 76,988 : 21,327 98,315 
1933 326,648 39,368 366,014 
19382 308,815 279,887 588,702 
1931 110,050 152,253 262,303 
1930 681,255 220,401 901,656 


Three wells of the Pionier company, one at Rachin (depth 1425 m.) 
and another at Modryez (depth 1754 m.), both of which are in the Sub- 
Carpathian Province, and a third one at Orow (depth 2274 m.) in the 
Carpathian Province, were all abandoned: in 1934. These wells once 
more confirmed that the existence of local structures alone is an insuffi- 
cient feature for the discovery of oil. 

On the basis of wider geological conceptions, it is possible to foresee 
not only that geological conditions similar to those that have been 
known for a long time in northwestern Germany may exist in the plains 
. of western Poland, but that in northern Poland there may be under- 
' ground conditions similar to those of the western slope of the Ural 
mountains, where oil occurrences were discovered recently in Permian 
and Carboniferous limestones. To prove this, it would be necessary to 
do preliminary geophysical investigation over the whole of this territory. 

The backwardness of the domestic market of a country that has a 
population of 32,000,000 and covers an area of 388,000 sq. km. is the 
only obstacle at present to improvement of the oil industry in Poland 
and stifles any initiative in the way of research work for the discovery of 
new oil fields. 


ee. 
' 


Petroleum Development in Rumania in 1934* 
(New York Meeting, February, 1935) 


Bors drilling and production in Rumania showed increases in 1934 
over 1933. The drilling totaled 1,138,000 ft. and production 63,500,- 
000 bbl., being increases of 50 and 15 per cent, respectively. During 
the year production gradually increased from 155,000 bbl. per day in 
January to 180,000 bbl. in September, and then declined slightly to the 
end of the year. The increases were largely due to competitive drilling in 
the Gura Ocnitei field (including west extension to Viforata). Wells 
completed during the year totaled 238, of which 215 were oil producers. 


Taste 1—Summary of Petroleum Production in Important Fields of 
Rumania during 1934 


Production Drilling Peay 
= Wells Initial Pro- 
hs Total i Increase or Footage | Increase or uri cae on ee 
1934. Bbl. Decrease Drilled Decrease y Wells, Bb 
Moreni-Gura 
etc.*..........| 41,879,000] +3,185,000) 750,000 | +249,000 171 850 
Boldesti.........| 10,793,700} +3,561,900) 190,000 | + 74,000 23 1,700 
Baicoi-Tintea.... 783,100) + 6,300 4,000} + 2,000 2 200 
Ceptura........- 3,153,900} — 169,400 4,000 | — 16,000 1 450 
Aricesti......... 2,726,500| +1,531,400| 84,000| + 8,000] 14 1,650 
Bustenari-Runcu, 
CCM oust s cinenn es 2,592,500} — 178,900) 44,000} + 26,000 17 425 
Others: jects asrte «4 1,571,300} + 161,100} 62,000) + 28,000 10 400 
63,501,000} +8,097,400 238 925 — 


@ Piscuri-Moreni-Gura Ocnitei-Ochiuri, etc., considered as one field. 


The outstanding development of the year was the discovery by Steaua 
Romana of what appears to be a major field at Bucsani. Other important 
discoveries were a three-mile west extension of the Gura Ocnitei fault to 
Viforata and a five-mile east extension of the Moreni field to Calinesti. 
Strictly speaking, the latter cannot as yet be called an extension. Oil 
sands have been corded in the Meotic, and in all probability production 
will be established in 1935. The Calinesti discovery greatly restricts 
the unproved area between Moreni and Baicoi, and the probabilities of - 


Manuscript received at the office of the Institute Feb. 10, 1935. 
* Paper secured through W. P. Haynes, Member A.I.M.E., London, England. 
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production eventually being found all the way between Tintea and West — 


Gura Ocnitei are now considered very good. This area, therefore, may 


prove to be one field, 23 miles long, which to date has produced 378,000,- 
000 bbl. Of this amount 68 per cent has been obtained from the Dacic 
and 32 per cent from the Meotic. The grand total Rumanian production 
to date is 620,000,000 bbl., of which 61 per cent is from the Tintea- 
Moreni-Gura Ocnitei area. 

The Aricesti field, which during 1933 was considered a major 
discovery, has proved to be of small importance. The oil-bearing zone 
has been found very narrow and the indications are that the field will be of 
very limited extent. 

The Gura Ocnitei field, in which 49 per cent of the total drilling was 
done in 1934, is rapidly becoming drilled up, and this area is expected 
to show a drop in both production and development beginning with 1935. 

A revival of interest was shown in the northeast section of the Runcu 
field, where fair producers were obtained at shallow depths. 

Two wildcat wells drilled on the Valea Caluigareasea anticline showed 
the south flank to be dipping very steeply. One well was stopped in 
vertical Dacic beds at 4925 ft. and the second, which reached 11,100 ft., 
found salt water in the Meotic. A third test is to be drilled to test the 
north flank. 

A wildcat drilled at Dragomiresti, 5 miles west of the present limit 
of the West Gura Ocnitei field, found the Meotic reduced to a thickness 
of only 260 ft. This is in line with the tendency for the Meotic to thin 
gradually westward from the Buzau Valley, where it is 2000 ft. thick. 


TaBLE la.—Ouil and Gas Production in Rumania through 19331 


Age, Area Proved, Acres 


Nutic Field, District — 


of 1933 | Oil | Gas | Total 


1 Boldestt; Prahova s scc2.s cs:<cistalelsielacetosbls,ors atecevblel ie alles sitsefne viens Renee eee nates 10 2,600 2,600 
2 Coptura, Prahouds..c.1 ca. sccecccccscnme cette cmete etait ttt Renee 15 2,100 2,100 
3 ion Damhoriies orig pases: ot + irene Dah pnak Saeed 20 1,240 1,240 
iscuri-Moreni- rahova an 
Rg eens eee { Ses eet teeth SR Oia cn BND 8. Se 35 | 5,300 5,300 
Bur, \Arigesti: Prahova aicctivw sah! ox ss ea keh wea Botan neem tate tee 13 1,400 1,400 
6 | Baicol-Tintea; Prahova 7 ws aoe heciteasa cen see teu ite c.cie ee eaten emer ean 40+ 1,100 1,100 
7 Copacent; Prahova. ...cdiawateea tit Cues teleiuad cca beeen eee 29 120 120 
8” °| Paouretl, Praha sc o0. sca cesc cre caaeces np cet ene mete eee ae 31 150 150 
9: | | Runou-Chiciura-Bordeul, Prahova ofr. ares 6 aiaye vtciaraoe icc eles aeleia de ee 23 4,200 4,200 
10° |, Bustenari, Prahova occucccwasroio actos e here tenia teen ote eee eee 100 + 2,100 2,100 
1l Camping, Prahouds, <i cvenug) tutes mae es cuatro eee ee AIP nee 50 790 790 
12 | Arbanasi, Buzau.......... ori 28 400 400 
13 Tetcauz, Bacaw........... Scan Wats neta airs 30 150 150 
14 Moinesti, Bacau........... Saree ne co hone 30 170 170 
15) , | Solonte-Stanesti;, Back carr. teia~ date deuede Pore een ee = 30 
16 Zenies-Laslau,. Bact; 5.05, fusneaductetee occ tite cmahce een ie een 30 110 110 
17 Moivesti;; Transilvantas as scesiess tertestoseniede ee eine eee 
18 | Baros, ‘Transisanta 0.1. cctv. car, wees a snitaee eaten satiate note ere 19 19 
19 Copsa, Mica; Transtlvania s.ic.s queee eae we ore cee tee ae ee 
20. | Sarmasel, Yranstloania. :.< vances « aecicenattore eaterenit tiaheotete anne aeenenereee ee 385 385 
21 Bazna,, Transtlvania «5 ).°.  sscale arevalginreians ersfatave sete siatoteletek eect ene 


Y 1 The figures in this table were compiled by Messrs. Grigorescu, Toustiiue and Ionescu but were received too late to 
print in the 1934 volume. They cover Rumanian production up to the year 1934 but do not include that year. 
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Some oil traces were found in the well, but only thin sands occurred, 
resulting in a failure. Three wells are now drilling between this location 
and the West Gura Ocnitei field. 

The state asked for offers on a footage basis for the drilling of a deep 
test for oil in a shallow gas field in Transilvania. 

In other fields development was normal. A summary of production in 
important fields during 1934 is given in Table 1. (Table la gives figures 
for the previous years.) 

The Petroleum Association has been trying to bring about a reduction 
in the high taxes and transportation charges which have placed the 
Rumanian producer at a great disadvantage as compared with producers 
in other countries. Normal paraffinous 38° A.P.I. oil varied in price 
from 32 to 40¢ per barrel. No progress has been made on the construc- 
tion of a pipe line to Constantza for gasoline. The state railways oppose 
the construction of this line because of the resultant loss in investments 
and income. A project is under consideration for building a pipe line to 
Bucharest to furnish that city with natural gas. The restrictions on 
transfers of money in many European countries, including Rumania, have 
been a hindrance to the marketing section. 

Considerable uneasiness is felt in Rumania over the competition 


TaBLE la.—(Continued) 


ee es ne 


Total Oil Production, Bbl. Fevers ace Number of Oil and/or Gas Wells 
sS 8 D - 
oD 8 uring 
Tine 8 = ep = 1933 At End of 1933 
= fo} 
Num- Daily ‘S a 3 3 
per To End of | During During pies q £ > ial i 
1933 1932 1933 Saas irs, ea £ = ® 
June, ° Ss lax 3 (2 E >| & 
10340 beets llc S| B | B | 8 esl en) eC] we) 8 
2 Bo aa o o ° 5A dd Babe 85 S 
<i a2\|EBo| 6 a |¥ laslsols als 3 
s \selee| # | # | 8 |sslealsalscge 
eo decile?! & 1S |= Beare ie 
1 21,788,160] 8,219,985} 7,231,800 8,400 670 57 15 2 46 
2 20,542,330] 2,880,490} 3,323,250 8,900 | 9,780 178 5 60 
3 30,243,500 | 2,276,953 | 1,935,047 5,375 | 24,790 243 1 387 37 
4 | 298,081,124 | 35,658,232 | 36,615,075 113,426 | 56,200 1,800 7 583 1 1584 
5 1,196,150 025 | 1,195,125} 59,500 854 29 12 2 173 173 
6 31,617,731 908,265 768,507 | 2,436 | 28,800 560 1 55 55 
ts 744,600 72,060 165,100 430 | 6,200 10 4 5 5 
8 237,667 1,578 3 
9 46,311,350 | 3,388,200} 2,782,100 6,672 | 11,000 850 9 257 257 
10 | 48,636,700 963 | 23,180 763 246 246 
11 31,485,179 295,185 253,807 730 | 39,810 tL | 2a 66 66 
12 16,452,040 404,490 377,735 915 | 4,100 110 
13 662,882 57 30 79 19 
14 1,713,567 58,540 275 | 10,280 14 14 
15 3,119,593 322 86 86 
16 3,031,383 387 29 29 
18 142 
19 ° 52 
20 26? 
21 92 


> Footnotes to column heads and explanation of symbols are on page 249. 


2 Gas wells. 
3 As of July, 1934. 
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Average Depth, Ft. sea see prt rte mal Bite 


| Number of Wells 
; ber Bottoms of | To Top of 
' Productive | Productive 
: Wells Zone Flowing | Pumping | Gaslift 
1 8,000 4,000 
2 i ‘ 1,500 
3 Dacic-Meotic 
1,200-4,000 1,100-3,700 it 30 
4 Dacic-Meotic 
2,000-5,000 | 1,400-4,500} 50 433 100 
5 6,000 5,500 17 
6 2,000 1,000 5 50 
v 1,500 100 5 
8 3,000 
9 2,500 700 257 
10 Meotic 300 246 
UOli. 500 
itil 750 200 66 , 
12 1,000 200 ‘ 
13 ,000 200 19 ‘ 
14 1,000 200 14 4 
15 1,000 200 86 : 
16 1,000 200 29 ] 
17 330 b 
18 1,100 500 j 
19 2,000 600 
20 1,800 600 f 
21 1,000 500 
Producing Rock om Deepest Zone Tested 
cos to End of 1933 
vA 
BA 
3 
Es a3 |Reference 
F. Structure? | Fe 
I 3 oo & S 3 Text* r 
4 Name Ages Be ge % 3 Name td 
& |) s ss = 
z 2/3 |Es = £ 
© S R |ee > a 
3 Sie ia Zs a 
1 | Upper and Lower Meotic Pili § |10-15| 771) Surface A Lower Meotic | 8,202 
2 | Upper and Lower Meotic Pli 5 850] Surface A 38 | Sarmatic 3,855 
3 | Dacic and Meotic Pli S |15-20 Salt A 37 | Miocene 
4) Mess (Sort Hard Sd) | Pl Salt A 
eotic (Soft & Har i 8S {10-20 lt 198 | Miocen 6,5 
5 | Meotic : Pli § 15-20 Salt A 26 Miocene 7400 Mes 
6 | Dacic and Meotic Phi S  |10-25) 500] Salt A 97 | Meotic 
7 | Meotic ; : Pli 8 {10-15 Thrust Fault Meotic 2,260 
8 Paci ibe Meotic Ee 
ospect i S  |10-15 Open Ant. 10 | Meoti Hl 
9 | Meotic : ney oe § |10-25 Ant. Terrace 92 Nsonsus ee 
10 | Meotie and Oligocene Pli and Olig| § 7-25 Thrust Fault Oligocene 
11 | Meotic Pli §, SH }10-20 — Thrust 
‘ ; Fault Mi 
12 | Meotic Pli S |10-15} 800 A Mics 2,800 
13 | Miocene Mio 8, SH Aé Miocene 3,250 | Dry hole 
14 Pliocene {Gi S, 15 5 3/500 
ato Oligocene \Olig | SH | 7-12 ; 
igocene i , SH | 7-12 5 i 
16 | Oligocene °  |sisu| 7-12 : mores 
17 | Sarmatic Mio D 
18 ren ee D 
19 | Sarmatic io D Miocene 2.510 
20 | Sarmatic D i i 
ay eonahe 5 Miocene 2,950 


4 Probably faulted. 5 Overthrust fault. 6 Burning since July 11, 1933. 
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from Iraq oil. This potential competition is being used as an argument 
in favor of constructing a pipe line to Constantza. Of Rumanian exports, 
85 per cent pass through Constantza, most of which will be affected by 
this competition. 

Electrical coring was done by the Schlumberger company in practi- 
cally all wells drilled. This company has recently introduced an electrical 
apparatus for making oriented surveys, but as yet this has not been 
used extensively. 

Several attempts were made with directional drilling, but this is still 
in an experimental stage in Rumania, and repressuring is practically 
unknown. Its adoption is handicapped by the multiplicity of ownership 
in the various fields. 


Venezuela 


(New York Meeting, February, 1935) 


INcREASED world consumption of crude and products coupled with 
the trend toward supplying this demand from the nearest and most 
economical source of supply had the economic effect of broadening the 
demand for Venezuelan crude. As a result of this, Venezuela produced 
more in 1934 than in 1929, the previous peak year. During 1934 Vene- 
zuelan output is estimated at a total of 139,382,000 bbl., a daily average 
of 381,868 bbl., against 120,442,000 bbl. in 1933, a daily average of 
329,978 bbl. This is an increase of 51,890 bbl. per day. 

It is interesting to note from the comparison of production for the 
past 10 years (Table 1) that in spite of the fact that Venezuela produced 
more in 1934 than in 1929 its share of world production is slightly less 
than in 1929 and 1930. 


TaBLE 1.—Production of Oil in Venezuela 
(Barrels of 42 U.S. Gallons) 


Year Total Daily Average Per Cent of World 


Production 
1925 20,409,137 55,915 1.91 
1926 36,929,987 101,179 3.36 
1927 63,176,760 173,088 5.00 
1928 105,761,531 - 288,966 7.96 
1929 137,535,230 376,810 9.22 
1930 136,987,662 375,309 9.63 
1931 118,878,971 325,696 8.63 
1932 118,110,000 322,705 9.03 
1933 120,442,246 329,978 8.33 
1934 139,382,000 381,868 9.15 


« Partly estimated. 


During the latter part of 1934 Venezuela produced its first billionth 
barrel of crude. Only three other crude-producing countries of the 
world have attained this distinction; namely, United States, Russia and 
Mexico. Venezuela still ranks third in the producing countries of the 
world, being surpassed by the United States and Russia. 

Exports of crude and products from Venezuela for 1934 are estimated 
at 133,400,000 bbl. This is an increase of 16,107,000 bbl., or 13.73 per 
cent as compared with 1933. 


Manuscript received at the office of the Institute Feb. 20, 1935. 
532 


533 


VENEZUELA 


91g | 116% | Lg ia! 608 | TeL't | 888 | SPET | Lz ve piven Oenee eC See rel) eeciernecl |7 “eee T?3O.L 
G ¥9 4 0 G LE LE 0 0 0 nN ee ee sat} 
g It L 0 0 ¥ I & 0 I G 66 679'SE T¥8'L [enooIQ pus sepeureped 
& $6 6 0 6 LL &1 v9 0 FI CESS URE LEAR ICL er) GEL 9829, | pe ee ermine) 
0 8L c¢ 0 Or &T 0 &T 0 &1 0 90T ¥69'9F 012'66 “7 -e]so0y ep sue] [TH 
GS 89 &T 0 G 0g cP Ge 0 0 ce |L£8°6 199‘098'¢ ZECHLCO VEN lice ae a ee pe ae oqereuIny) 
0 g 0 0 0 ¢ ¥ I 0 0 I (de 7699 USS iUMe ee a ee a a me opeyutg erquioyy 
L OTE “as 0 88 v6 0 ¥6 oF vW ¥ 997%  |08%'S96 COF‘FOL'T “--BIpayAy Pus OUeTAT 1H 
qT as T 0 0 &T g 8 0 0 8 660'°F | 488‘8£0'% GOrie We Le a ae ak ae ee sojonuey] 80'T 
€ 08 a! 0 OF 8% L 1Z ai 6 LEEEl | 129'F1F'F CE TORE. igi SRR Sa ee a a ele], OY 
0 Zor T 0 66 GL 0 GL ¥ ¥9 ¥ 9SF'F — |6L9°CPL'T PL9' FSS aga 3 uorodeou0,) 
0 1g 4 0 (a6 g 0 ¢ I T £ 66¢ LOS'THS 6SF' 186 zeq &T 
6 692 ia I hl T9T ce 9cT +6 0 Rome ezoizye LeO'SeC Stal PELeFO'SE, [a apuvin suey] 
Tel | 86Z°T | 28 1 Teg | CLIT | 14s | 106 rae S68 Frau lzeouhe vecciong'ce | Gus‘gus'es |i SppPy eA] [2301 

0 y 0 0 I & & orzonbeyorg 
£Or | og2 II 6 ye =| sig 0€ 887 raat ST 022 |gez‘tes |sPe‘Gt9'2L | c6r'es9'se “ seyTunsery 
0 6 T 0 I L ae conan ee sande seo sega euene ely, 
ot 19 g 0 8st 8 It Ke LZ |9¥1'6 189'806'T oo aytuag Byung 
91 L¥8 0¢ € 79% =| OFS 002 | 0& 69 681 PMOGES THE \TECLGU Can A GCL OGO TG. | Sk Ss Soe Se ee soy BT 
0 Gor GT T && 9L 02 9¢ 0 T¢ 809°¢ POSTEO aco Guat Code es oko an Eh, ae olsoiqury 

suronp 
powop | saa | ATOR | uy ate IT sul ul 
761 _| poqua -ueqy | 0M | -UL T30.L P2801 | Fe, - sea-aty | -dumg | -Mopy heen 
B1eaX |SqIUOW | yeqoy, i aBeroAy PET S86 

TI 

pea srgonpoiduo sian poig Ate 

-m10/) 

STP 

FECT ‘OF “AON STAAL JO 819%95 wuoroNpoig epNiy ye} J, 


FEET buzunp vjanzauay wut worponpolg fo iunwwungy—Z ATaV 


534 VENEZUELA 


~ Fretp DEVELOPMENTS 5 


No new fields were discovered during 1934. Several dry holes were 
completed in the Falcon area and developments in the Pedernales area 


proved disappointing during the year. Additional drilling at Oracual — 


also proved disappointing. 

In the State of Anzoategui, developments were shut down during the 
rainy season of 1934 and in the latter part of the year drilling crews were 
again moved into this area to continue drilling. 

In the developed areas the Bolivar Coastal fields, which include 
Ambrosio, La Rosa, Punta Benitez and Lagunillas, continued to be the 
principal producers. As shown on Table 2, this area produced 95,676,559 


bbl. during 1934, or about 69 per cent of the total for the country. One — 


hundred and thirty-one wells were completed in this group of fields, making 
a total of 1731 to date. During the year about 100 wells were transferred 
from the gas-lift stage to the pumping stage. On Nov. 30, 1934 there 
were 395 wells pumping, 189 of which were in the La Rosa field and 155 
in the Lagunillas field. As a result of drilling, the proven area of the 
Lagunillas was extended slightly lakeward. 

The Mene Grande field showed a slight increase during the year and 
outside of La Rosa and Lagunillas, in the Bolivar Coastal fields, was the 
third largest producing area in Venezuela. Its total production amounted 
to 15,235,057 bbl. In the first 11 months of the year nine wells were 
completed. At the end of the year five strings of tools were active in 
this area. A number of wells were placed on the gas-lift during 1934. ° 

Drilling operations in the La Paz and Concepcion fields were shut 
down during the entire year and production in both of these fields showed 
a slight falling off from the previous year. 

In the Rio Tarra field in the District of Colon three wells were com- 
pleted in the first 11 months of the year and production showed an 
increase of a little over one million barrels for the entire year. Los 
Manueles, another field in the District of Colon, showed a decrease of 
about two million barrels with only one well completed during the year. 


Active drilling operations in the District of Colon were practically sus- 


pended at the end of 1934. 

In the El Mene and Media area seven wells were completed. Pro- 
duction in this area, which is practically all drilled up, continued to 
decline and for the year 1934 showed a falling off of approximately 42 
per cent when compared with 1933. 

In spite of the fact that 25 wells were completed in the first 11 months 
of 1934, production in the Cumarebo area showed a decrease of approxi- 
mately 22 per cent. 

In the Quiriquire field drilling operations throughout the year were 
in the area previously proven. Thirty-three wells were completed 


during the first 11 months of 1934. Production for the year totaled 
13,721,766 barrels. 


Russian Oil Industry in 1934 
By Basiu B. Zavorco* 


Arrer showing continued and very satisfactory progress until the 
close of 1931, the oil industry of the Soviet Union experienced very great 
difficulties, and since 1932 has not only failed to complete its assigned 
quotas but has fallen farther and farther behind them, and in fact during 
1932 and 1933 Russian production has been below production in 1931. 
In 1934 the total crude oil production of 169,200,000 bbl. exceeded that 
of the former peak year, 1931, when 156,100,000 bbl. were produced. 
The production during 1934 amounted to 78.65 per cent of the plan. 
The failure to complete the plan has been due to the inability of the oil 
trusts to develop new fields; the fields that have been producing since 
1917 still account for between 75 to 80 per cent of total production. The 
failure of the Soviet Government to develop new fields has been due to 
unsatisfactory organization of the geological work, to the extremely slow 
drilling of wells and their exploitation, and to the very much delayed 
development of the few areas that have been discovered. 

The official overestimation of the proven reserves of the country has 
undoubtedly been an important factor in giving the Soviet industry too 
much confidence when actually such reserves have been small. The 
official Soviet estimate of proven reserves of Russia is now placed, at 

- 21,000,000,000, bbl., while in fact such reserves, if estimated on a con- 
servative basis, do not exceed 4,200,000,000 bbl., as will be shown later 
in this review. 

The refinery branch of the industry also showed unsatisfactory 
results with a recovery of gasoline, both straight-run and cracked, of only 
some 16 per cent of the total runs to stills. In fact, the showing of the 
refineries has been so unsatisfactory that the exports of gasoline have 
been greatly curtailed from 1933 to 1934, dropping to 10,000,000 bbl. in 
1934 from 12,230,000 bbl. in 1933. With the indicated increase in 
domestic demand, together with but slightly increased refining capacity, 
the volume of available gasoline for export probably will be reduced to 
about 6,000,000 bbl. during 1935. 

The geographic distribution of constructed refineries has been unsatis- 
factory and the crude oils from Baku had to be transported by tankers 


Manuscript received at the office of the Institute April 25, 1935. 


* Consulting Geologist, New York, N. Y. 
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and pipe lines to Grozny refineries, because production from Grozny 
fields has rapidly declined during the past several years. 


PRODUCTION 


During 1934 the crude oil production from all Russian oil fields 
amounted to 169,200,000 bbl., or 464,000 bbl. per day, as compared with 
149,900,000 bbl., 410,000 bbl. per day, in 1933, indicating an increase of 
12.90 per cent. The plan was thus fulfilled only to the extent of 78.65 
per cent, because the fields were assigned to produce 214,900,000 bbl., 
588,000 bbl. per day, during 1934. 

Apsheron Peninsula.—The oil fields of the Apsheron Peninsula (Baku) 
accounted for 78.50 per cent of the total crude oil production of the 
Soviet Union in 1934, producing in that year 133,000,000 bbl., 364,000 
bbl. per day. The Baku oil fields in 1933 and 1934 showed remarkable 
gains in production increasing from 88,370,000 bbl. in 1932, in which 
year Baku contributed only 59 per cent of the total Russian production. 
The increased production in the Baku oil fields has been due to the great 
decline in production in the Grozny fields, which practically forced the 
Soviet oil industry to develop the known fields of the Apsheron Peninsula 
at the utmost speed. An important factor in the increased production 
of the Baku fields in the last two years has been the putting into more 
rapid exploitation of the new fields, the Lok-Batan, Kara-Chukhur and 
Kala; these three fields accounting for some 20 per cent of the total 
Baku output in 1934. It is rather doubtful that the Baku oil fields can 
continue to increase their production at the rate the domestic industries 
will require, unless new large fields are discovered and actively developed. 
Probably the increased rate of production of the older fields of Baku in 
the last year will accelerate the recovery and may cause in the future a 
more rapid decline in production than would have been the case if the 
production from these older fields was maintained at a steady rate. 
The increased production in the older areas has been made possible in 
part by drilling to the deeper sands, though at this time most of the 
Pliocene ‘‘oil measures”? have been tested in the older fields of the 
Apsheron Peninsula. The Baku district undoubtedly has a very large 
oil reserve in undiscovered fields. The area of this district includes 
the Saliani Steppes, due south from Baku, and some territory to the 
north of the Apsheron Peninsula, more particularly the Berekei district. 

Grozny.—Very unsatisfactory results have been shown by the Grozny 
fields, which after reaching the peak of 56,500,000 bbl. in 1931, in which 
year Grozny produced 36.20 per cent of the national output, declined to 
23,600,000 bbl. in 1934, accounting for 13.96 per cent of the country’s 
production. The marked drop in production of the Grozny fields has 
been due entirely to the overexploitation of the two old fields in the dis- 
trict, and the failure of the Grozneft trust to bring into production any 
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new fields. The two old fields of the Grozny district will continue their 
sharp decline in production, and, unless new fields are discovered and 
rapidly developed, the Grozny area promises to lose all of its previous 
importance. The unfavorable development is quite unexplainable 
because in the first place the sharp decline in production in the two old 
fields could have been foreseen easily; and secondly, because the Grozny 
district, in the foothills of the Caucasian Range, undoubtedly is one of 
the richest petroliferous provinces of the world and if Grozneft, instead 
of drilling unnecessary wells in the old fields, had concentrated on explora- 
tion work, new major fields undoubtedly would have been discovered by 
this time. Two fields of some importance are being developed by Groz- 
neft at this time, the Molgabek and Benoi, but the delay in the con- 
struction of roads, which entails very slow transportation of equipment 
and supplies, makes active development nearly impossible. It is reported 
that the transportation departments of the Soviet Government refuse 
to construct extensive highways until large reserves are proved in the 
new fields and, of course, these reserves of crude oil cannot be developed 
until satisfactory highways are constructed. 

Kuban-Maikop.—The third major district in Soviet Russia today is 
the Kuban-Maikop, which is but a short distance from the Black Sea, and 
which is an extremely promising area for discovery of several major oil 
fields. In 1934 the Maikop fields produced 6,570,000 bbl., 18,000 bbl. 
per day, or 3.88 per cent of the national output. While the production 
of the Maikop district has shown a steady increase since 1928, the 
increase has not been commensurate with the potentialities of the area, 
with its proximity to the Black Sea and with its easy accessibility, not 
requiring extensive highway construction. 

Emba.—The production from the Emba oil fields continued in the last 
several years at a very slow rate, producing in 1934 but 4600 bbl. per day 
or but 0.99 per cent of the country’s output. Twonew fields in the Emba 
district were to be brought into production in 1934, the Koschagil and 
Iskin, with a reported potential production of 10,000 bbl. per day. Some 
300 salt domes were reported discovered in the Emba district in the last 
few years, but the value of the large number of salt domes must neces- 
sarily be discounted since production from the Emba continues in fact 
unusually small. The Soviet Government is planning several major 
projects in the Emba district, including supply of water, highways and 
power plants, but the development of this far away district while stra- 
tegically located prospective areas, easily accessible to the existing 
facilities of Baku and Grozny, lie half dormant is at best a questionable 
policy. 

Other Fields.—A few promising fields are being brought into production 
north of the Emba district in the Sterlitamak area, where the Ishimbaevo 
field has 15 completed oil wells with a reported production of (potential) 
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7000 bbl. per day. This crude oil, however, has a very high sulfur con- 
tent, from 2 to 5 per cent, and will require construction of special refineries 
to treat it. No new discoveries of major importance have been made 
recently in the Soviet Union, with the possible exception of the Turkestan, 
where a few very large gushers have been completed in Neftedag; this area 
however, is very erratic. On the other hand, the oil prospecting in the 
Chusovo area of Perm Province, where some 60 wells have been drilled, 
and of the Baikal district in Siberia, has been entirely discontinued 
because no results have been shown. 

Summary.—To sum up the situation in the oil fields of Soviet Russia 
today, it may be easily seen that the discovery and the effective develop- 
ment of new fields is the matter of major importance to the Soviet Union, 
not only in order to maintain the exports but even to supply the rapidly 
increasing domestic demand. 


~~ ws Se oe? 


RESERVES 


The official estimate of proven reserves of crude oil in Russia probably 
has been responsible, at least in part, for the impasse in which the Soviet 
oil industry finds itself today, because the overoptimistic statements were 
responsible for half-hearted wildcatting. The following estimates are the 
official Soviet figures while the corresponding estimates of the author are 
based on the American practice, and are, if anything, excessive. The 
Baku oil fields have an estimated reserve of 9,275,000,000 bbl., as given . 
by the Soviet Government, while its actual reserve probably does. not 
exceed 3,500,000,000 bbl. of which 2,000,000,000 bbl. are in the old 
fields, and 1,500,000,000 bbl. are in the new fields. The official Soviet 
estimate for Emba district is 4,480,000,000 bbl. for an area that currently 
produces only 4000 bbl. per day, and an estimate of 100,000,000 bbl. is 
probably more correct. The Maikop fields are estimated by the Soviet 
Government to contain a reserve of 575,000,000 bbl., and while the fields 
are very promising an estimate of 250,000,000 bbl. probably would be 
excessive. The new field of Sterlitamak is assigned by the Government 
420,000,000 bbl. but again 100,000,000 bbl. is probably more nearly 
correct. The Grozny oil fields are estimated by Grozneft to contain 
about 1,000,000,000 bbl. but considering rapidly declining production 
it is doubtful whether the proven reserves of that district exceed 
150,000,000 bbl. The Soviet Government estimates the reserves of 
Turkestan at 1,680,000,000 bbl. but the present fields certainly cannot be 
counted upon to produce more than 100,000,000 barrels. 

Thus a liberal estimate of the proven reserves of Russia today is about 
4,200,000,000 bbl. as compared with the official figures of 21,000,000,- 
000 bbl. The psychological effect of a proven reserve estimated at 
21,000,000,000 bbl. on wildcatting is self-evident and probably was, as 
already indicated, responsible for the confidence of the central govern- 
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ment oil bureaus in their ability to increase at will crude oil production 
in the past and in the near future to 300,000,000 bbl. a year, which, in 
fact, cannot be obtained without new discoveries and reorganization of 
the production department. . 


DRILLING 


The drilling technique in Soviet Russia continues to present one of the 
most difficult problems. The drilling time is unusually slow, four to 
five months being required to complete wells under normal conditions, to 
a depth of about 3500 ft., while for some wells as long as one year is 
required to bring them into production. The record in Soviet Russia to 
date is a well that was completed in 39 days to a depth of 3660 ft., which 
compares with the average time of 10 days to the same depth in East 
Texas. In 1934 a total of 4,123,000 ft. was drilled in all fields of Russia, 
fulfilling the plan to the extent of 83.3 per cent. This figure compares 
with 2,788,000 ft. drilled in 1933. In all, 1100 rotary rigs are in operation 
in the U.S.S.R. today, of which 270 are heavy duty. The average depth 
of new oil wells is 3200 ft. in Baku and 3600 ft. in Grozny. During the 
year, 1188 wells were completed in Russia, of which 947 were producers, 
and in addition some 500 old wells were repaired and brought back 
into production. 

Most illuminating conclusions can be made in comparing producing 
and drilling data for 1933 and 1934. Thus in Baku district a 47.8 per cent 
increase in drilled footage resulted in a 23.9 per cent increase in produc- 
tion; in Grozny a 77.8 per cent increase in drilled footage resulted in a 
30.8 per cent decrease in production; in Maikop a 46.3 per cent increase 
in drilled footage resulted in a 58.6 per cent increase in production; and in 
Emba a 28.6 per cent increase in drilled footage resulted in a 21.8 per cent 
increase in production. 

_ The 1935 plan for drilling provides for 5,214,000 ft., but merely 
increasing the drilling in old fields will not solve the problem; the drilling 
must be done in new fields. 

The turbine drilling system of Kapelushnikoff was entirely abandoned 
in the last few years as being uneconomical as compared with the standard 
rotary practice. : 


REFINING 


In 1934 a total of 145,141,000 bbl. of crude oil was run to stills in all 
Russia as compared with the plan of 161,000,000 bbl., which resulted in a 
recovery of 23,700,000 bbl. of gasoline and 34,800,000 bbl. of kerosene. 
Gasoline production was about evenly divided between straight-run and 
cracked. During the previous year, 131,591,000 bbl. was run to stills, 
recovering 22,300,000 bbl. of gasoline and 30,000,000 bbl. of kerosene. 
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The present refining capacity of Soviet Russia is 163,450,000 bbl. per year 
while the current capacity of cracking stills is 29,600,000 barrels. 

The Soviet Government plans to erect in the immediate future some 
20 new cracking stills, adding 16,000,000 bbl. per year cracking capacity, 
and also plans construction of new topping plants with a capacity of 
30,000,000 bbl. per year. This construction will bring the capacity of 
Soviet Russia in 1937 to 192,000,000 bbl. while the capacity of cracking 
stills in that year will reach 46,700,000 bbl. 

The Soviet Government estimates that in 1937 it will require for 
domestic use 100,000,000 bbl. of gasoline and 60,000,000 bbl. of kerosene, 
and apparently this figure will not be attained in 1937, because even if 
total gasoline recovery should increase from the present 16 per cent to 
25 per cent the planned capacity of refineries will produce in 1937 but 
48,000,000 bbl. of gasoline. The delay in construction of refineries in 
the last three years has been due undoubtedly to the indecision of the 
government as to where such refineries should be constructed, because 
in the past the refineries and cracking plants have been built, as described 
below, in strategically poor localities. In the years when the Soviet oil 
industry was counting very much on the production from the Grozny oil 
fields, it built up a refining capacity of some 85,000,000 bbl. per year in 
Grozny and Touapse, but in that district production in 1934 was actually 
only 30,000,000 bbl., thus necessitating the shipment of Baku crude oil 
over the Caspian Sea to Petrovsk (Makhach-Kala) and then by pipe line 
to Grozny refineries. In the previous year, 5,130,000 bbl. of Baku crude 
oil was shipped to Grozny refineries while in 1934 these shipments 
increased to 20,700,000 bbl. While the expense of shipping the crude by 
sea and pipe line is in itself an economic waste, far more important is the 
fact that it reduced in 1934 by 10,000,000 bbl. the shipping facilities from 
Baku to Astrakhan and to the interior of Russia. The reduction in 
shipping capacity is considered at only 10,000,000 bbl. because Petrorvk 
remains open for shipping much later in the year than Astrakhan, though 
continued shipments necessarily reduce the time for overhauling the 
tankers, which previously was done during the winter months. 


Domestic DEMAND AND Exports 


Russia consumed 108,000,000 bbl. of petroleum products in 1934 
while it exported 28,000,000 bbl., thus reducing the percentage of exports 
in the last two years from 30,000,000 to 20,000,000 bbl., and a further 
reduction in exports, both in volume and in percentage of total Russian 
production, is inevitable. Thus in 1935 the Soviet oil administration 
anticipates using in the country 130,000,000 bbl. and plans to export 
43,000,000 bbl., planning to produce in that year some 220,000,000 bbl. of 
crude oil, but it is extremely doubtful whether the production of crude oil 
will exceed 175,000,000, bbl., in which event only 150,000,000 bbl. of 
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petroleum products will be available. This would mean that the Govern- 
ment will have available for export only some 20,000,000 bbl. of petroleum 
products; especially the export of gasoline will have to be reduced because 
with the current refining capacity only some 25,600,000 bbl. of gasoline 
will be produced in 1935 while the domestic demand in that year is 
estimated at about 19,200,000 bbl., leaving for export only 6,400,000 bbl. 
as compared with 10,000,000 bbl. exported in 1934 and 12,230,000 bbl. 
exported in 1933. Comparable reductions in exports of kerosene will 


TasBLe 1.—Crude Oil Production in U.S.S.R., Millions of Barrels 


Production by Major Fields 
Total Production : 
Baku Grozny Maikop Emba 
Year - 
Percent- Percent- Percent- Percent- Percent- 
age of | Produc- Produc- Produc- 5 Produe- 
sotal| Plan | ABEL | Pel” | age | son) Real | Eon” | at | ton) a 
1916 72.80 55.81 | 76.55 | 12.73 17.48 | 0.40 1.82 
1920-1921 | 26.60 7 
1921-1922 32.90 
1922-1923 37.17 95.30 | 68.05 | 10.90 29.32 0.97 2.61 
1923-1924 44.40 31.30 | 70.45 | 11.80 26.55 | 0.25 0.56 | 0.90 2.08 
1924-1925 51.12 33.90 66.15 | 15.14 29.55 0.40 0.78 1.48 2.79 
1925-1926 59.89 39.98 66.70 | 18.00 30.00 0.34 0.57 1.57 2.62 
1926-1927 73.98 49.00 | 66.20 | 22.79 30.80 | 0.36 0.49 | 1.83 2.47 
1927-1928 82.60 | 64.15 | 65.50 | 25.90 31.30 | 0.41 0.50 | 1.82 2.20 
1928-1929 96.80 62.10 | 64.20 | 30.60 31.60 | 1.80 1.86 | 1.86 1.93 
1929-1930 {124.00 73.60 | 59.40 | 44.11 35.60 | 3.00 2.42 | 2.46 1.98 
1931 |156.10 92.80 59.45 | 56.50 36.20 3.30 2.11 2.00 1.28 
1932 |149.72 88.37 | 59.00 | 53.90 35.95 | 3.55 2.37 | 1.70 1,14 
1933 |149.90 |170.80 87.60 107.30 71.51 | 34.10 22.75 4.14 2.76 1.38 0.92 
Daily Prod. 0.410} 0.467 0.294 0.093 0.014 0.0038 
1934 |169.20 |214.90 | 78.65 133.00 | 78.50 | 23.60 13.96 | 6.57 3.88 | 1.68 0.99 
Daily Prod. 0.464) 0.588 0.364 0.065 0.018 0.0046 
Estimates 
1935 232.402 
Actual first quarter 1935 daily average 0.364, 80.00 | 0.049 12.20 | 0.021 4.70 | 0.0040 
1936 260.00 
1937 315.00 


« Including gas production; net crude oil quota 220,800,000 barrels. 


also be necessary. The domestic demand for gasoline has been estimated 
in this report on the basis of automobiles, tractors, and airplanes in use 
in 1934 and in 1935. On the first of January, 1935, there were in use in 
Russia 180,000 automobiles, 311,000 tractors, 35,200 combines, and 
about 3,500 airplanes. These figures are to be compared with the 
estimates that on the first of January, 1936, there will be in Russia 
272,000 automobiles, 408,000 tractors, 50,200 combines, and some 
5,000 airplanes, this increase in motorized transportation and in traction 


power being approximately 40 per cent. 
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CONCLUSIONS 


The year 1935 is the critical year for the Soviet oil industry. The 
rapid increase in the demand for motor fuel and other petroleum products 
by the domestic industries promises to outstrip any possible increase in 
crude oil production and refining unless the oil industry of the Soviet — 
Union is completely and entirely reorganized. As reviewed in this 
article, the more important problems that face the oil industry in Russia 
and the problems that must be solved immediately by competent authori- - 
ties and engineers are: 

1. Satisfactory geological research. 

2. Active wildcatting with better service of supplies, so that the 
wildcat wells will not be unduly delayed. , 

3. Rapid and active development of newly discovered fields, which 
will necessitate rapid construction of highways into the fields. 

4, Increase in drilling efficiency; even if not approaching the American 
practice, at least allowing completion of wells in average time 60 days 
to 3500 feet. 

5. Efficient service of supplies, which includes all phases of the oil 
industry, geological, drilling, production and refining. 

6. Construction of modern refineries and provisions for such refineries 
to be kept up to date continuously, rather than their construction and 
operation in unchanged form while the refining practice advances 
each year. 

7. The building of strategically located refineries, so that the change 
in the source of supply of crude oil will not affect the refining industry. 


Chapter VI. Refining 


Developments in Petroleum Refining Engineering in 1934 
By Water Miuier,* Memper A.I.M.E. 


Tur broad picture of petroleum refining engineering during 1934 
continued to show a tendency in the direction of highly specialized 
processing improvements, particularly in manufacture of lubricating oil. 

The slowing up of the trend toward higher octane products in non- 
premium gasoline noticed in 1933 was definitely established as a fact by 

1934 development, with just a slight indication of recession. No out- 
standing engineering achievements can be credited to 1934 in refinery 
cracking, unless the completion and successful operation of the 30,000-bbl. - 
crude capacity combination cracking and skimming unit at Texas City, 
Texas, and a 20,000-bbl. similar unit in the Hast can be listed as such. 
Development and improvement was largely a continuation of previous 
lines of endeavor. Such trend as there is shows a continuation in the 
direction of very large integrated skimming and cracking units. 

A lessening of the cost of ethyl lead, coupled with the reaching of the 
octane number “ceiling,” kept the subject of “reforming’’ low-octane 
gasoline into high-octane products pretty well in the background. . 
Considerable interest, however, was shown during the year in cracking 
and polymerizing of refinery gases into high-octane motor fuel. The 
commercial development and application of this activity was greater in 
1934 than during any previous year. Fair yields of gasoline of satis- 
factory stability and high antiknock value were reported, ranging from 
2 to 8 gal. per 1000 cu. ft. of fixed refinery gas, yields varying with both 
the nature of refinery gas treated and processing methods. Assuming 
economic feasibility, regarding which there is still difference of opinion, 
gas polymerization offers the industry a possible outlet for its gases more 
in keeping with its basic chemical composition and value. 

The increased interest of railroads and heavy-duty truck and tractor 
“manufacturers served to focus more attention on diesel fuels. The 
‘publicity given the Union Pacific diesel train, the Burlington “Zephyr” 
and others operated on special diesel fuels served to revive the intimations 

and fears of several years ago as to the ultimate replacement of the 
gasoline motor. by diesel engines in even the passenger car field. How- 
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ever, an analysis presented at the American Petroleum Institute’s annual 
meeting by a competent authority indicated that economic and design 
limitations might well bar broad commercial application to smaller than 
5-ton units. The problem of preparing acceptable diesel fuels came in for 
considerable study and discussion, although specifications of the ideal 
fuel have not as yet been drawn. The growing importance of this outlet 


- for the refiners’ products is evidenced by an increase of over 200 per cent 


in total horsepower of diesel motors manufactured in 1934 over 1933, with 
predictions of over 1,000,000 hp. to be made in 1935, as compared with 
750,000 for 1934 and 250,000 in 1933. 

A noteworthy feat in economic engineering, and a new experience for 
the refining industry, was the general control of gasoline production 
throughout the country during the year, under Petroleum Code 
Authority, through the Planning and Coordination Committee and the 
Petroleum Administrator. Procedure was the allocation to and through 
district agencies to individual plants of a predetermined national require- 
ment. Production of gasoline was so controlled as to reduce stocks at the 
end of the high consuming season to a point many millions of barrels 
below the amounts that otherwise would have prevailed. While observ- 
ance of manufacturing allocation limitations was effective in the main, 
unfortunately there was sufficient disregard as to both crude oil and 
gasoline production (largely in the East Texas field area) to offset the 
beneficial effect and prevent the improvement in prices which removal 
of the economic pressure of excessive stocks was expected to bring about; 
in consequence of which refiners ‘‘ playing the game”’ operated for most of 
the year at aloss. However, during the last quarter new state legislation 
and more vigorous action on the part of both Federal and state authorities 
looking toward controlling and curbing illicit gasoline and crude produc- 
tion in the East Texas area give promise that during 1935 this bearish 
and disturbing factor will be largely eliminated, and refiners able to have a 
price for their gasoline that will permit them to operate at a fair profit. 
If this does occur there will undoubtedly be ushered in during 1935 an era 
of engineering activity in the form of new developments and modernizing 
of old equipment on a scale lacking for several years past. 

Expanded use of various solvents in the extraction and refining of 
lubricating oil is notable. General interest has been broadened to include 
as well the commercial aspect of dewaxing and deasphaltizing. Plants 
having a combined daily capacity of approximately 30,000 bbl. of finished: 
oils were completed during the year, and others are under construction or 
contemplated. The broad operating experience is bringing to light, as 
was to be expected, many improvements in design and operation of 
solvent plants, tending both to simplify later installations and increase 
operating efficiencies. Many refiners are still undecided as to their 
course. It remains to be seen how the demand will be influenced by 
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advertising campaigns of those now using solvent processes commercially ; 
how strongly demand will respond to arguments of high viscosity index, 
negligible carbon residue, etc., in view of the fact that the public generally 
has had little to complain of in lubricating oils already available. A 
competitive situation similar to the octane race may be in the making. 

Another noteworthy development is the increasing trend in automobile 
motor manufacturing toward design of motors requiring lower viscosity 
lubricants. The public is being quickly educated along this line by 
specifications and recommendations of the motor manufacturers, and 
the popular prejudice against “thin looking” oil, which in the past has 
stopped many an attempt to market lubricants of lower viscosity, 
is disappearing rapidly. An economic effect of this tendency will be to 
increase the requirements for the neutral oil fractions and decrease to 
some extent the demand for the highly viscous bright stock components. 
This effect will have to be taken into consideration in future lubricating- 
oil manufacturing plans and design. The increasing horsepower, 
speed and bearing pressure of automotive equipment are making greater 
demands upon lubricating oils, and are largely responsible for the trend 
to lower viscosity. The same factors were also influential in promoting 
the greater general interest in the subject of lubricating compounding 
agents for the improvement of the oiliness characteristic, bearing-load 
capacity and general stability of the petroleum lubricants used. While 
the subject itself is not new, the field having been rather exclusively 
occupied for many years, the widespread interest is evidenced by patent 
literature, general discussions and the fact that such organizations as the 
American Society for Testing Materials and the Society of Automotive 
Engineers are now studying extreme pressure and oiliness agents. 

Reports of various refining committee activities presented at the 
American Petroleum Institute annual meeting indicated good, and in 
some cases more than normal, progress along the lines of standardization 
of refinery equipment, fire prevention, accident prevention, control of 
refinery waste, prevention and control of corrosion, etc. A great deal 
of quiet, persistent and intelligent work is being accomplished by these 
committees, work that seldom reaches the headline stage but is made 
available to the industry by suitable reports and bulletins. 
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